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INVESTIGATION OF VARIOUS FACTORS AFFECTING 
THE HEATING OF ROOMS WITH DIRECT 
STEAM RADIATORS 


I. INTRODUCTION 


1. Preminary Statement——This bulletin, the third in the series, 
is a report of the results of the work of the last year and a half under 
the terms of a codperative agreement between the National Boiler 
and Radiator Manufacturers’ Association,* the Illinois Master 
Plumbers’ Association, and the University of Illinois, providing for 
an investigation of steam and hot-water heating systems. The agree- 
ment was formally approved March 9, 1926, and became operative 
on April 10, 1926. The results presented in this bulletin are based 
upon the work done since the publication of Bulletin No. 169 en- 
titled “Effect of Enclosures on Direct Steam Radiator Performance,” 
and Bulletin No. 192 entitled “Investigation of Heating Rooms with 
Direct Steam Radiators Equipped with Enclosures and Shields,” in 
which were reported the results of the first two and a half years’ work 
under this agreement. 

The two coéperating associations have been represented since the 
publication of the second bulletin by an advisory committee, the 
membership of which is as follows: 

C. D. Brownell,f Chairman, representing the Illinois Master 

Plumbers’ Association, Champaign, Illinois. 
D. Johnson,{ Chairman, representing the Illinois Master Plumbers’ 

Association, Champaign, Illinois. 

. A. Bolton, representing the Illinois Master Plumbers’ Associa- 
tion, Chicago Heights, Illinois. 

K. Foster, representing the National Boiler and Radiator Manu- 
facturers’ Association, Chicago, Illinois. 

. R. Linn, representing the National Boiler and Radiator Manu- 
facturers’ Association, Chicago, Illinois. 

._ F. Prox, representing the National Boiler and Radiator Manu- 
facturers’ Association, Terre Haute, Indiana. 

F. W. Herendeen, representing the National Boiler and Radiator 

Manufacturers’ Association, Geneva, New York. 

O. J. Prentice, representing the Steam Specialties Manufacturers, 

Chicago, Illinois. 


salt ent eevee re 


*The Association is now known as the Institute of Boiler and Radiator Manufacturers. 
¢+Chairman during 1929. 
tChairman during 1930. 
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H. S. Ashenhurst, representing the Insulation Manufacturers, Chi- 
cago, Illinois. 
R. J. Stewart, representing the Insulation Manufacturers, Chicago, 
Illinois. 
Seward Best, representing the Heating Contractors, Quincy, Illi- 
nois. 
J. M. Robb, representing the Heating Contractors, Moline, Illinois. 
It is the function of this committee to propose such problems for 
investigation as are of the greatest interest to the installer of small 
direct steam and hot-water heating systems, operating on gravity cir- 
culation. Of these problems, the Engineering Experiment Station 
Staff selects for study those which can best be investigated with the 
facilities and equipment available at the University. The codperating 
associations provide funds for defraying a major part of the expense 
of this research work. 


2. Object and Scope of Investigation—The immediate object of 
the tests reported in this bulletin was to determine the effect of vari- 
ous factors encountered in actual heating practice on the heating of a 
typical room by means of cast-iron steam radiators. Such factors or 
conditions as 

(1) location of radiator in the room, 
(2) type of radiator, including size and shape, 
(3) enclosures, shields and covers of various types, shapes and 
dimensions, 
(4) kind and extent of paint used on radiators, enclosures and 
shields, 
(5) storm sash and doors, 
(6) variation in attic and basement temperatures, 
(7) window shades and curtains, 
(8) relative amount and location of wall and glass exposure, 
(9) variation in steam temperatures, and 
(10) furniture, 


were investigated and a special study was made of surface tempera- 
tures and temperature gradients through walls and glass. 

In order to provide for all the factors affecting the performance of 
bare, enclosed, and shielded radiators, actual rooms with typical out- 
side walls, windows, and doors, and located in a specially constructed 
low temperature testing plant for maintaining constant outside tem- 
peratures of zero or less, were used. In such a plant it was possible 
to place the radiator in the actual environment existing in practice, 
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and investigate not only the heat emission of the radiator itself, but 
also the heating effect produced in the room as well. The intelligent 
design and selection of radiators and enclosures depends fully as much 
on the effect produced in the room as on the conventional heat emis- 
sion factor so generally taken as the sole criterion of excellence in 
the past. 

The investigation which is reported in this bulletin is a continua- 
tion and extension of a previous investigation in this field, the results 
of which were published in Bulletins Nos. 169 and 192. 


3. Acknowledgments.—The investigation has been carried on as a 
part of the work of the Engineering Experiment Station of the Uni- 
versity of Illinois, of which Duan M. 8. Kercuum is the director, 
and of the Department of Mechanical Engineering, of which Pror. 
A. C. Wiarp is the head. 

Acknowledgment is also made to the manufacturers who furnished 
the radiators, enclosures, and shields used in this investigation. 


II. DescrirTion or APPARATUS 


4. Low Temperature Testing Plant—A complete description of the 
low temperature testing plant is given in Engineering Experiment 
Station Bulletin No. 192. The general arrangement of the plant is 
shown in Figs. 1 and 2. The main portion of the plant, consisting 
of the cold room, the two test rooms with their respective attics and 
basements, and the refrigerating coils, is located on the upper floor 
of the Mechanical Engineering Laboratory. The auxiliary equipment 
including the refrigerating apparatus, with the exception of the coils, 
the thermocouple switchboard, and the steam control and weighing 
apparatus, is located on the lower floor of the laboratory. 

Figures 1 and 2 show the arrangement of the two test rooms, which 
are identical in construction, each one having two walls exposed to 
the air in the cold space in which the refrigerating coils are located. 
The walls shown cross-hatched in Figs. 1 and 2 are composed of cork- 
board. The two exposed walls of both test rooms, indicated by light 
lines, can be removed and replaced with any desired wall construction 
without disturbing the floors or ceilings. As shown in these figures, 
the insulated walls of the cold room form the two remaining walls 
of each of the test rooms. Both test rooms are identical in every de- 
tail, being 9 ft. by 11 ft. with 9-ft. ceiling heights. 


INVIdg ONILSAL AYALVUAING [, MOT 10 NOILOUS NvId ‘T “DI 


Qyng 1afellOWlsI YL Btu 240224 — aa ee BVAINOIOUAPGL— * 
VID ALUL ALLL LEY MQOLAA SojpelatyEy 


at 


LLL LLL TTT LLL LLL 


N COLL LLL LLL LLL LLL === a REE FLL LE LLL LLL LLL 
N Z EN a RSS p Q 
NY Z \ 
Zz y NY p NN 
i y NZ Yj O 
5) NI NY y GY 
a sy Wy y ae 
n YS NY y NN 
YS IY y % 
& VS WY y CN 
Zz SS NY Y * 
a SS ata IV y = 
3 >» Ot IN WN Gal © 
a iN) 0 NY Z NY x 
= Nj NY A Ni 
a XVM INV Y NN 
a NG 4 kos 
A NA g 
A y / 
co) NA g 
S NY 4 
Z % NY Z 
4 NS N Yj y 
m Q NZ g 
(ea) % NY (mM W). be 4 b 
ic) Rese Z 
Zz iN y 7M) Y 
a +8 Ww0QY 1S2AL. v Yj NY 
2 < g WON {SAL , {SOF \ Y rs 
BS 
i NY INI 
e) NS Qa Nf JLUBUMISOD ee Vg y N va 
a Vi dg Uy | (U2 SIN, XS 
4 G VS | NA cones ti | W004 $SAL UE S UN Q Xd 
=| N Null <4 soylg bleltldfStl] BLUDIOIZEY G S ON iW % x 
ING ENB 
X § AN oe 8 |ZNbe 3 9 8 
SAN ous Gas) | \ NES SS 
S(HINZ AN Q 8 
Y AN 
Sih An SS 
Nd ANN SSS ON Q 
a 


12 
+ 
Ni 
N 


FACTORS AFFECTING HEATING WITH STEAM RADIATORS 13 


hae KZ Likiliiilee Ke 
AIS SSR KCK KKK SEEK KKK KK 
: : 


CoH 
a 
= 


IA SSISAAAAAAAASS AS ASSASSS 


LLL LLL LLL LLL LLL 


Vs fea a ee SR aA 


LA LLnL) 


SAAN 


LLLLLLLLLLLLIL LLL LLL LLL ENN 


SLTLLLLLLLLPLPLLLLPLLLPLTLLEPLEEED LLL 


NOVTVP EL AV O/- 


_I=F=FSSSS 


Y jee 


CORO FO07E/ FO> COLA) FOO? 


«NCEE LLL 


’ 


LOX 


8 A007 


oriabev ee 


1est KOO”? 


Cold” 


ZL 


FCCOTANIG 
TOATHOM ETE,” 


\ 
£ ON 
SN 
Ci TN 
SOM 
S§- [AN 
CS" A 
Nj UN 
Ese UN 
lear Te ae rr ate Qa 
NESS eS Sia : Spy 


AGHA 


SCqQes 


Sea? | for Weighing 


©-7AETHOCOLOV2 Peco aig TRECTHOME EL LBU1O2 


Fig. 2, Evevation Section or Low Temperature TESTING PLANT 
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The exposed walls at the present time are standard frame construc- 
tion, consisting of 54-in. redwood siding, building paper, 34-in. tongue 
and groove yellow pine sheathing, 2-in. by 4-in. yellow pine studding, 
and 34-in. wood lath with 14-in. gypsum plaster. The ceilings are 
made of 34-in. wood lath and 3¢-in. gypsum plaster, with no flooring 
in the attics. The floors are of 2%4-in. by 1%4¢-in. standard yellow 
pine flooring over building paper placed on %4-in.. thick tongue and 
groove yellow pine sub-floors. 

Each test room has one double window 4 ft. 6 in. by 5 ft. overall. 
The window stools are 34 in. high, making it possible to test radia- 
tors with a height up to 32 in. The windows are fitted with shades 
and curtains. Figures 1 and 2 show the locations of standard 1%4-in. 
thick yellow pine doors, 3 ft. by 7 ft., with glass upper panels. These 
doors lead directly from the test rooms into the cold space. 

Attic and basement spaces permit exposing the ceilings and floors 
of the test rooms to air of any desired temperature. The attic spaces 
were formed by building the ceilings of the test rooms about 3 ft. 
10 in. below the ceiling of the cold room, and the basement spaces were 
made by building the floors of the test rooms about 2 ft. 8 in. above 
the floor of the cold room. The exposed walls of the attic and base- 
ment spaces are composed of 2 layers of 2-in. corkboard, and are 
equipped with refrigerator doors. Each wall contains one door, located 
as shown in Fig. 1, which opens directly into the cold area, and which 
may be adjusted to obtain any desired amount of opening. Each 
attic and basement is equipped with electric heaters, as shown in Fig. 
2, consisting of shaded electric light bulbs, so placed that the heat is 
evenly distributed over the total floor and ceiling surfaces and shielded 
in order to prevent the floors and ceilings from receiving heat by direct 
radiation. The voltage to each group of heaters in each attic and base- 
ment is separately controlled by rheostats conveniently located outside 
of the cold room, as shown in Fig. 1. These heaters, so arranged and 
controlled, when used in conjunction with the refrigerator doors give a 
very flexible and sensitive method of controlling the temperatures in 
the attics and basements. 

The cold room is 16 ft. by 27 ft. 4 in. by 16 ft. 11 in. in height. 
Figures 1 and 2 show details of construction. The walls consist of two 
layers of 3-in. corkboard, with % in. of cement mortar between them, 
and 44 in. of cement plaster on the inner and outer surfaces. The 
ceiling is made of two layers of 3-in. corkboard laid in hot asphalt 
on a %4-in. wood deck which is supported independently from the walls 
of the room. The floor consists of 4 in. of concrete laid on 6 in. of 
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corkboard, which in turn is laid on the 10-in. concrete floor of the 
laboratory. Entrance to the cold room is through either test room, 
as shown in Fig. 1. The doors leading from the laboratory into the 
test rooms are of the heavy refrigerator type. Two refrigerator win- 
dows having four separate sheets of glass and three air spaces in 
each are located in the north wall, as shown in Fig. 1. 

Wind movement in the refrigerated space is obtained by means of 
three 16-in., specially built, oscillating fans located as shown in Figs. 
1 and 2. 

The refrigerating plant is designed for an operating temperature 
of zero deg. F. in the cold room when the temperature at the breath- 
ing level in the test rooms is 70 deg. F. The temperature in the cold 
space 1s maintained by means of an 8-ton 5 in. x 5 in. twin cylinder, 
direct expansion ammonia refrigerating unit, located on the lower floor 
of the laboratory, as shown in Fig. 2. The compressor is motor driven 
and automatically controlled by a thermostat placed in the cold room. 
The ammonia is expanded through an automatic expansion valve di- 
rectly into the coils shown in Figs. 1 and 2. These coils are special 
cast-iron refrigerating sections having a total area of 1440 sq. ft. A 
baffle, shown in Figs. 1 and 2, was erected between the coils and the 
test rooms for the purpose of increasing the air circulation over the 
coils, and of shielding the walls and windows of the test rooms from 
direct radiation. 


5. Recording Instruments and Thermocouples—Since accurate 
duplication and maintenance of conditions over long periods of time 
were demanded, the plant is completely equipped with both thermo- 
couples and recording thermometers. The latter were used only for 
the purpose of controlling and maintaining conditions. Each test room 
and the cold room has separate instruments and instrument panels, 
and a standard in the center of the room supports the bulbs of the 
recording thermometers and the thermocouples. Three of these bulbs 
are located in each test room; one 3 in. above the floor, one at the 
breathing level 5 ft. from the floor, and one 3 in. below the ceiling. 
In addition, one bulb is located in the center of each attic and base- 
ment space, 3 in. above the ceiling and 3 in. below the floor, respec- 
tively. Figure 1 shows the location of the three bulbs in the cold 
room, each of which is placed at a height corresponding to the breath- 
ing level in the test rooms. 

The plant is equipped with a complete thermocouple system for 
the purpose of observing both air and surface temperatures. The use 
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of thermocouples makes it possible to obtain the necessary tempera- 
ture data without entering the rooms or otherwise disturbing the test 
conditions. It also makes it possible to observe surface temperatures 
and certain air temperatures which could not be obtained accurately 
by means of thermometers. The thermocouples are made of No. 22 B. 
and 8. gage, double cotton-covered copper and constantan wire. ‘The 
leads from all the couples are formed into cables and connected to 
the switchboard, which is located on the lower floor of the laboratory 
directly beneath the cold room. Figure 2 shows one of the standards 
supporting six thermocouples used in determining air temperatures at 
six different elevations in the center of the test rooms and also gives 
the distances between these levels. For later tests a seventh ther- 
mocouple was added at a level 30 in. from the floor. 

Figures 1 and 2 show the location of thermocouples by means of 
which the temperature gradients through the walls, floor, and ceiling 
of the west test room were determined. These figures also show the 
thermocouples used in determining the temperature of the inside and 
outside surfaces of the wall back of the radiator, and the thermo- 
couples located at each recording instrument bulb for the purpose of 
checking and adjusting these instruments. All thermocouples for ob- 
serving surface temperatures had the junctions, and approximately 
4 in. of the leads on both sides of the junctions, embedded in the sur- 
faces. The wires were placed in a deep scratch in the surface, and 
were sealed into the surface itself by means of plaster of Paris in 
the case of plaster surfaces, and shellac in the case of wood surfaces. 
The wires were then filed flush with the surface and thus became an 
integral part of it. The same procedure was followed for the thermo- 
couples on the surface of the glass except that No. 34 B. and S. gage — 
wire was used. 

In addition, a portable standard supporting mercury thermometers 
was used in making observations in rooms other than the test rooms. 
A portable standard and fume generating apparatus, which has been 
described in Bulletin No. 192, was used for studying the air circu- 
lation in the rooms. 


6. Weighing System—The condensate weighing system, and the 
method of regulating the pressure of the steam in the radiators or 
heating units in the test rooms, is similar to that used in the tests 
described in Bulletins Nos. 169 and 192. As shown in Fig. 2, the 
piping, separator, receiver, weighing tank, and scales are placed on 
the lower floor of the laboratory, directly beneath the test rooms. 
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Each test room is piped separately, and is fully equipped to be oper- 
ated independently of the other one. Separators are used to remove 
all entrained moisture from the steam, and mercury manometers are 
used to indicate the steam pressure. The temperature of the steam 
just before it enters the radiators is observed by means of thermo- 
couples. Glass sections, 154, in. in inside diameter, are installed in 
the 114-in. vertical risers to the lower tappings of the radiators. The 
condensate leaves the radiators through these same connections and 
is collected in receivers having gage columns. The weighing tanks are 
connected through water seals to the receivers, and the minimum sub- 
division of the scales used for weighing the condensate is 0.01 lb. The 
separators, receivers, and piping are all heavily lagged, and the glass 
sections in the vertical risers are enclosed in triangular glass obser- 
vation boxes for protection and prevention of heat loss. Each radia- 
tor is equipped with a %-in. pipe leading from the tapping for the 
lower air vent on the last section to the lower floor of the laboratory, 
where the amount of venting is controlled by means of hand-operated 
gate valves. 


7. Rooms in an Actual Building—The layout of the rooms (Nos. 
212 and 214), which are a part of a group of offices on the second 
floor of the Mechanical Engineering Laboratory at the University of 
Illinois, is shown in Fig. 3. The ceiling height of each room is 10 ft. 
0 in. and the ceilings are of lath and plaster with no insulation. The 
same attic extends over all of the rooms. This attic is about 10 ft. 
high at the peak in the center, the slate roof sloping downward and 
meeting both side walls of the building at the eaves. The floors of all 
the rooms are of concrete about 4% in. thick and are covered with 
heavy cork linoleum. 
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Fig. 4. UNENcLOsSEeD TusuLar Type or Rapiator AT Front WALL 


The exposed walls of the rooms are of brick, 13 in. thick, with 
no insulation, and the exposed wall and glass areas are the same in 
both rooms. There is no weatherstripping or storm sash on any of 
the windows, which are of the ordinary double-hung type, so that 
both rooms have the same amount of window cracks. The ceiling of 
room 212 has an area of 234 sq. ft., which is 78 sq. ft. more than the 
area of the ceiling in room 214. Otherwise, the heat losing areas and 
infiltration openings are the same in both rooms. Consideration of 
this difference in ceiling area will be discussed in Section 14. 


8. Unenclosed Radiators—The unenclosed tubular radiators used 
for the tests in the test rooms were 6-section, 26-in., 5-tube cast-iron 
radiators having rated areas of 21 sq. ft. The overall dimensions were 
height, 26 in., length, 15 in., and width, 8 in. The surfaces were 
brushed and painted (not dipped) with two coats of flat black paint. 
Figure 4 shows one of these radiators located under the curtained 
window with a space of 2% in. between the back of the radiator and 
the plaster surface of the exposed wall. For certain tests the number 
of sections on these radiators was increased to 7 and 9, and for other 
tests a number of sections were wrapped with cloth as shown in Fig. 15. 

The 36 sq. ft. radiator used in room 214 (Fig. 6) was a cast-iron, 
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Fig. 5. UNeNcLOSED WALL Type or Rapiaror at Front WALL 


38 in. high, 2-column type of 9 sections located against the wall be- 
side the window. An uncovered drop riser and branch at the ceiling 
supplied each radiator with steam at a temperature of about 230 deg. 
F., and the run out to the radiator in room 212 was 2 ft. 6 in. long, 
or an area of 1.1 sq. ft. 

The unenclosed wall type of radiator used in the test room is 
shown in Fig. 5, and consisted of 3 sections, each having a nominal 
area of 7 sq. ft., making a total of 21 sq. ft. The total length was 
5 ft. 7 in. and the width was 2% in. It was placed on legs such that 
the lower hub was 4% in. from the floor and the distance from the 
floor to the top of the radiator was 16 in. It was located 2% in. from 
the wall and was painted with two coats of flat black paint. For 
certain tests this radiator was located near the ceiling. The details 
for both locations are shown in Fig. 16. A similar radiator was used 
in the office room No. 212 shown in Fig. 7, except that in this case 
three sections having a nominal area of 9 sq. ft. each were used, making 
a total of 27 sq. ft. 


9. Radiator Encloswres—Enclosures Nos. 11 and 17a were similar 
to the one shown in Fig. 8. The inside dimensions of enclosure No. 11, 
which was used on a 6-section radiator, were height, 274% in., length, 
23 in., and width, 10 in., giving clearances over the radiator of 14% 
in. at the top, 7% in. at the front, 11% in. at the back, 534 in. at the 
valve end, and 214 in. at the outlet end. Enclosure No. 17a was the 
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Fic. 6. Cotumn Type or Raprator In Room No. 214 


same as No. 11 except that the length was 28 in. instead of 23 in. 
This enclosure was used on a 7-section radiator and the clearance at 
the valve end was 7 in. and at the outlet end, 3% in. 

Enclosure No. 3 shown in Fig. 9 was the same enclosure used in 
previous tests and reported in Bulletin No. 192. This was used on a 
6-section radiator, and the inside dimensions were height, 2634 in., 
length, 24°4 in., and width, 10% in. The clearances were top, 34 in., 
front, 114 in., back, 1% in., valve end, 65% in. and outlet end, 3% in. 

The metal shield designated as enclosure No. 1 and shown in Fig. 
10 was also used in previous tests reported in Bulletin No. 192. This 
had no clearance between the radiator and the back, and in. clear- 
ance at the top. Enclosure No. 20 was the same, except that it had 
one inch clearance both at the back and at the top. 

Enclosure No. 16b, shown in Fig. 11, was used on the wall type 
of radiator. The inside dimensions were height, 1714 in., length, 6 ft. 
4 in., and width, 54% in. The clearances were top, 1 in., front and 
back, 1%g¢ in., valve end, 514 in., and outlet end, 3% in. Other de- 
tails are shown in Fig. 20. Enclosure No. 15b, shown in Fig. 12, was 
fully grilled at front and ends and had the same dimensions and clear- 
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Fic. 7. Watut Type or Rapiator in Room No. 212 


ances as enclosure No. 16b. The grille had a net free area of 53 
per cent. Details are also shown in Fig. 20. 

The metal shield designated as enclosure No. 13a is shown in 
Fig. 18. This had no clearance between the back and the radiator, 
and a clearance of one inch at the top. Enclosure No. 14a was the 
same except that it had one inch clearance at the back. These de- 
tails are shown in Fig. 21. 

Enclosure No. 19, shown in Fig. 14, was a 12-in. cloth cover used 
on a 9-section radiator. Enclosure No. 6, the results from which are 
reproduced from Bulletin No. 192, was the same except that it was 
used on a 6-section radiator. 

Each distinctive type of enclosure has been assigned a number 
and discussed in the preceding paragraphs. Where deviations have 
been made in certain dimensions, surface finish, and other features 
not specifically discussed, the enclosures have been designated by the 
addition of a letter to the type number, and-such deviations are noted 
in the discussion of the results, and by notes and details on the curve 
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Fic. 12. Encuosure No. 158 at Front WALL 


Fia. 13. Encitosure No. 134 at Front WALL 
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III. Test ProceDURE 


10. Tests in Low Temperature Testing Plant—With a few excep- 
tions the tests were run under conditions approximating those found in 
typical rooms in residences, with two walls exposed to an outdoor 
temperature slightly below zero and with some wind movement over 
one wall. The motor-driven ammonia compressor was thermostati- 
cally controlled, and the temperature in the refrigerated space at a 
level corresponding to the breathing level in the rooms was automati- 
cally maintained at approximately —2.0 deg. F. 

The temperatures in the air spaces above the ceilings and below 
the floors of the test rooms were regulated by means of electric heaters 
and rheostats under manual control. These heaters were shielded in 
order to minimize the effect of direct radiation on the surfaces of the 
floors and ceilings. The temperature of the air 3 in. above the ceilings 
was maintained at approximately 62 deg. F., while that 3 in. below 
the floors was maintained about 2 deg. F. higher than the temperature 
of the air 3 in. above the floors. In certain cases, temperatures in ac- 
tual attic spaces may be somewhat lower and temperatures immedi- 
ately under the floors may be somewhat higher, but the conditions 
selected correspond very closely with those found with a well con- 
structed roof and unfloored attic, and with a well insulated heating 
plant, where the basement temperature is approximately 60 deg. F. 
These conditions as outlined were regarded as standard and unless 
specifically stated otherwise in the discussion of the results or as 
notes on the curve sheets, it may be assumed that they were com- 
plied with for all tests. 

The amount of radiation required to maintain a temperature of 
70 deg. F. at the breathing level, or 5 ft. above the floor, under the 
standard conditions was determined by trial from preliminary tests. 
This was done for both the tubular and the wall types of radiators. 
This amount proved to be exactly 21 nominal sq. ft. for the tubular 
type. In the case of the wall radiator 21 sq. ft. was slightly over 
size and it was necessary to wrap a portion of it with several layers 
of cloth. With the exception of a few tests run to determine the 
effect of changing the size of the radiator and enclosure, all tests 
were run with enclosures, shields, and covers selected to fit these 
two standard sizes of radiators, and the performance of the unenclosed 
radiator was used as a basis for comparison. When enclosures, shields, 
or covers were installed, no other changes were made in the plant or 
in the temperature conditions external to the rooms. In case an en- 
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closure was equipped with a humidifying pan, the pan was retained 
in its proper location but no water was used. The relative humidity 
in the rooms varied from 15 to 25 per cent. The temperatures at the 
various levels within the rooms were allowed to attain equilibrium 
conditions inherent with the type of apparatus being tested, and com- 
parisons of the performance were all made on the basis of steam con- 
densation in conjunction with the temperature conditions produced 
within the rooms as determined at the different levels (see Figs. 1 
and 2) on the central vertical axis of the rooms. 

These temperatures were observed by means of unshielded thermo- 
couples made from No. 22 B. and S. gage wire. Preliminary work 
with shielded and unshieided couples proved that no correction for 
radiation was necessary for the couples above the breathing level, 
and that the maximum correction for any couple below the breathing 
level was less than 0.5 deg. F. Hence the readings of the unshielded 
couples are considered as indicative of the actual air temperatures. 
Observation of the temperatures 3 in. above the floor proved that the 
deviation of the average reading from the reading at the center was 
1.0 deg. F. as a maximum, and in most cases was less than 0.5 deg. 
F. Three inches below the ceiling this maximum deviation was 1.6 deg. 
F., and in most cases the deviation was less than 1.0 deg. F. The 
readings on the central axis of the room were, therefore, accepted 
as representative of air conditions in the room. All surface tempera- 
tures were obtained from the thermocouples embedded in the surfaces. 

In most cases, both rooms were operated simultaneously and a 
number of check runs were made with the same heating unit first in 
one room and then in the other. These check runs proved that the 
performance, both of the rooms themselves and of the apparatus in 
the rooms, was practically identical. For this reason, it has not been 
considered necessary to report the results of the duplicate tests. No 
attempt was made to have the doors and windows tighter than what 
could be considered fair average construction, and the amount of in- 
filtration of cold air into the rooms appeared to be normal for the 
wind movement and temperatures existing. 

In every case the plant was operated with the rooms under heat 
and with the fans in the cold room running for a preliminary period 
of sufficient length to allow all conditions to attain a state of equili- 
brium. This state was indicated when the temperatures of the walls, 
floors, and ceilings, as determined by the readings of the surface 
thermocouples, had become constant, and the temperatures of the 
air in the refrigerated space and in the spaces below the floors and 
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above the ceilings had remained constant for several hours. No air 
was allowed to accumulate in the radiators during the preliminary 
period or during a test. When equilibrium had been attained, the 
condensation from the radiators was weighed at 10-minute intervals, 
and no test was accepted that showed a variation of more than 2% 
per cent in the successive increments of weight. A thermocouple on 
the surface of the radiator at the point where air accumulation would 
first occur gave an immediate indication if there was any tendency for 
air to accumulate during a test. The tests were of sufficient length 
to prove that all conditions had remained constant, and were discon- 
tinued at the first indication that any air had accumulated in the 
radiator. The condensation was corrected for water condensed in risers 
and piping. This correction was determined from preliminary tests, 
and, since all piping was heavily lagged with hair felt, was extremely 
small. 

The results of all tests are given in Tables 1, 6, and 7, and by - 
means of the curves in Figs. 16 to 51. A discussion of these curves 
may be found under the corresponding section headings. 


11. Tests in Rooms in an Actual Building.—In the case of office 
rooms Nos. 212 and 214, temperature data were obtained by means of 
a portable standard bearing thermometers placed on the vertical cen- 
tral axis of the room. These temperatures were observed at four differ- 
ent elevations, namely, 3 in., 30 in., and 60 in. above the floor, and 3 in. 
below the ceiling. The temperature of the air in the attic was measured 
by means of three thermometers located 3 in. above the upper surface 
of the ceilings of the rooms. The temperatures in the attic and below 
the floor in this case were different from the standard conditions used 
in the test rooms in the low temperature testing plant outlined in 
Section 10, inasmuch as the attic temperature ranged from 30 to 35 
deg. F., depending on the outside temperature and the amount of 
pecking striking the attic roof, and the eas Calls below the floor 
varied from 60 to 70 deg. F. 

All of the data were obtained under similar conditions and are, 
therefore, directly comparable. They were obtained from 9:00 to 
10:00 a. m. on mornings following continued low outside temperature 
for periods of at least 24 hours duration. The average outside temper- 
ature for the 24-hr. period preceding each test is included in Table 1, 
along with the outside temperature at the time of the test. The 
temperature for the 24-hr. period is probably the more important of 
the two, as the effect of varying outside temperatures on air tem- 
peratures within a building will always lag behind variations in the 
outside temperature. 


FACTORS AFFECTING HEATING WITH STEAM RADIATORS 29 


The readings were taken in the mornings because at that time the 
rooms had not been disturbed from the state of equilibrium arrived 
at during the night when they were unoccupied. Doors to all rooms 
were always kept closed at least 12 hours previous to recording any 
temperature data. On the nights preceding the mornings when data 
were to be taken all windows and doors were closed and locked, and 
all radiators were checked and found to be venting properly. No 
attempt was made to protect the thermometers from or to correct for 
the slight effect of direct radiation, since this effect is also experienced 
by the occupants and is one of the factors affecting comfort, the stand- 
ards being located approximately at the center of the rooms, and 
the minimum distance to any radiator being about 7 ft. 


IV. PERFORMANCE OF UNENCLOSED RADIATORS 
Locatep UNpER A WINDOW 


12. Tubular Type of Radiator—tThe performance of the 6-section 
26-in. 5-tube radiator located under a window in the test room, as 
shown in Fig. 4, has been used as a standard of reference, or as a 
basis for comparing the performance of other arrangements, through- 
out this investigation. Since the testing program naturally consisted 
of groups of tests, it was often necessary to discontinue the operation 
of the plant in order to make the minor changes needed to adapt it to 
the requirements of the various groups. Therefore, check tests on 
the unenclosed radiator were always included in each group in order to 
insure that such changes had not exerted any influence on the charac- 
teristics of the plant as a whole. In every case, it was possible to re- 
peat the steam condensation within approximately 3 per cent, and 
the temperature gradients existing in the room to within approximately 
one deg. F. Wherever curves for the unenclosed radiator are shown, 
however, the curves represent the results obtained from the particular 
test included in the group to which it belonged. 

The room temperature gradient curve and steam condensation for 
the tubular radiator shown in Fig. 16 have been reproduced from 
Bulletin No. 192, and have been fully discussed in that bulletin. It 
may be noted, however, that with a temperature of —2.2 deg. F. in the 
cold room, 64.2 deg. F. in the attic, and the temperature in the base- 
ment approximately the same as the temperature of the air at the floor 
in the test room, the 21 sq. ft. of radiation was sufficient to maintain 
a temperature of 69.6 deg. F. at the breathing level with the conden- 
sation of 5.40 lb. of steam per hr. Under these conditions the tempera- 
ture 3 in. above the floor was 55.7 deg. F., and the temperature differ- 


30 ILLINOIS ENGINEERING EXPERIMENT STATION 


pool” koom Tern. lf) Weg. a —— Al/ Kadlators 2/ 5G. re 
mem | 5501, Wel/ rad,=sat Floor, Test R-2e 
ists | 576 1b., Wall rad, af Ceiling, Test R-3 
6.02 lb, Wall rad, at Floor; Test K-50 
$40 1b, 26-177, 5-Tube, rad, at Floor, Test -10 


/ 6 PRS 
Nee /b. of Steam Conderrsed er 17, 


390 


ar Ceiling - 
(Note high Temperatures 
EE 


Test R-56, 
(+ Wall rad. ar EL00r; 


(AMO AIUTC 112 2G. - 
Ss 
oe 


= — 
a p Test F-2c; 
Bao SS a i Wall rag <5 
cate =z Gt Float, (4 of Su face } Wirygee. : 
60 = ae HS = 
et est £10, (Bul. (92) AA Zsa. tt Wall \ 2isq tt tub. 
[—E 2/ se ft, 26-in, S7ube (ad tzt—t | rad af Floor \ rad at Eloa- 
SI SSSele e7F Floor eee sata S 
S ees g 
Ap = = S 
8 Ny 
. S a i ie iS) Srea7 Tee. 
Ee eieas|il a el 
ee (E:T 
eS sn 
yl oO if fe 3 Ff roy 6 We 8 g MO A if EP 


Helgi? aeove Floor tt Feer 


Fia. 16. Room TEMPERATURE GRADIENTS AND STEAM CONDENSING RaTES 
FoR UNENCLOSED RapIaTors IN Hast Test Room 


ence between the air at the floor and the air at the ceiling was 21.4 
deg. F. 


13. Wall Type of Radiator—tThe results of tests with a wall type 
of radiator located under a window, as shown in Fig. 5, are given in 
Fig. 16. This radiator had 21 sq. ft. of nominal surface, the same as 
the tubular radiator, and, as may be observed from the upper curve, 
was sufficient to heat the room to a temperature of 73.1 deg. F. at the 
breathing level, with a steam condensation of 6.02 lb. per hr. under 
the same external conditions as those used for the tubular radiator. At 
the same time, the temperature of the air at the floor was 64.9 deg. 
F., and at the ceiling 75.3, or a difference of 10.4 deg. F. The tem- 
perature at the ceiling was, therefore, less than that produced by the 
26-in. 5-tube radiator, and the temperature at the floor was greater, 
thus indicating an improvement in conditions over those produced by 
the tubular radiator. Although the two radiators had the same nomi- 
nal area, the results were not strictly comparable, inasmuch as the 
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temperature at the breathing level in one case was 73.1 deg. F. and 
in the other 69.6 deg. F. 

In order to obtain comparable results for the tubular and wall 
radiators, the effective surface of the latter was reduced by wrapping 
part of it with several layers of cloth. The effect of this procedure 
is fully discussed in Section 23, but it may be noted here that the 
result accomplished is to all intents and purposes the same as though 
the surface had been reduced by removing the required number of 
sections. The air temperatures at the various levels in the room were 
all reduced by approximately the same amount, thus giving a new 
temperature gradient curve, designated by test R-2c in Fig. 16, that 
was practically parallel to the one obtained when the 21 sq. ft. of 
surface was effective. The latter is designated as test R-5b in Fig. 16. 

From Fig. 16 it is evident that when the tubular and the wall type 
radiators were operated under practically identical conditions with 
69.6 and 69.3 deg. F. at the breathing level in the test room, and 
temperatures of —2.2 and -2.9 deg. F. in the cold room, the temper- 
ature conditions in the room were much improved by the use of the 
wall radiator. The temperature difference between the air at the 
floor and at the ceiling was only 10.8 deg. F. as compared with 21.4 
deg. F. obtained with the tubular radiator. In addition, the tempera- 
ture of the air 3 in. above the floor was 60.8 deg. F. with the wall 
radiator and only 55.7 deg. F. with the tubular. Thus, the whole “living 
zone,” or zone below the breathing level, was much too cool for com- 
fort in the case of the tubular radiator, while it was sufficiently warm 
for comfort in the case of the wall radiator. A fair criterion for this 
condition may be obtained by comparing the temperatures at the 
30-in. level, since the temperature at this level is a reasonably close 
approximation of the average temperature in the whole zone below the 
breathing level. These temperatures were 67.3 and 62.2 deg. F., re- 
spectively, for the wall and the tubular radiators. 

The temperature of the air 3 in. below the ceiling was reduced 
from 77.1 deg. F. for the tubular radiator to 71.6 deg. F. for the wall 
radiator. This condition, in itself, might be expected to contribute 
towards greater economy for the wall radiator. A comparison of 
the steam condensations, however, shows 5.50 lb. of steam condensed 
per hr. in the wall radiator and 5.40 in the tubular. For all prac- 
tical purposes these may be regarded as the same, but since the con- 
densation for the wall radiator was slightly the greater, it is evident 
that the expected gain in economy was not realized. This was un- 
doubtedly caused by the fact that the long, flat wall radiator pre- 
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sented more projected area to be utilized as direct radiating surface 
than was presented by the tubular radiator. This was an advantage, 
in that this radiation was projected into the lower zones in the room, 
and taken in conjunction with the fact that the convection was reduced 
by the small height of the wall radiator, materially raised the tempera- 
ture in the living zone over that produced by the tubular radiator. 
On the other hand, this became a disadvantage in so far as steam 
condensation was concerned, since a larger area of wall back of the 
radiator was presented, and the heat loss through the wall was in- 
creased above that occurring when the tubular radiator was used. 
This effect apparently slightly more than offset the effect of re- 
duced ceiling temperature, thus giving practically the same steam 
economy for the two radiators. In view of this, it is reasonable to 
assume that, with sufficient heat insulation placed in the wall back 
of the radiators, and with attic temperatures lower than the 62.0 
deg. F. used in the tests, the wall radiator might also show some gain 
in economy over the tubular radiator. 


14. Column and Wall Types of Radiators in an Actual Building. — 
In addition to the tests in the low temperature testing plant some 
corollary data were obtained from radiators installed in two second- 
story office rooms in the south wing of the Mechanical Engineering 
Laboratory. The building and rooms are described in Section 7 and 
shown in Figs. 3, 6, and 7. In this case, however, the attic tempera- 
tures ranged from 30 to 35 deg. F. instead of the 62 deg. F. used for 
all of the tests in the low temperature testing plant. 

In discussing the results it must be kept clearly in mind that 
these two rooms have substantially the same amount of exposed wall 
and glass area, although room 212 has 78 sq. ft. or 50 per cent more 
ceiling area than room 214, and are both exposed to exactly the same 
outside and inside conditions except for the type and size of heating 
unit placed in the room. That the additional ceiling area in room 
212 had no appreciable effect on differences in air temperatures be- 
tween floor and ceiling was later proved by actually removing the 
column radiator and installing a wall type of radiator in room 214. 
When this was done room 214 showed air temperature differentials 
exactly similar to room 212. 

The results are summarized in Table 1, and reference to the last 
column and Fig. 17 will show that room 212 with the long, low, thin 
radiator had the smaller difference in air temperature between ceiling 
and floor, namely 1.5 deg. F. for an outside air temperature of + 8.3 
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Fic. 17. Room Temperature GRADIENTS FoR UNENCLOSED RADIATORS 
IN Orrice Rooms 


deg. F., and room 214 had the greater difference (ceiling to floor) 
in air temperature, namely 18.9 deg. F. for an outside air temperature 
of +7.8 deg. F. The “breathing line” temperatures in these two 
cases were 69.4 and 78.5 deg. F., respectively, the corresponding 
“floor line” temperatures were 69.6 and 67.6 deg. F., respectively, 
and room 214 was badly overheated, especially at the ceiling, the 
temperature at which rose to 86.5 deg. F., while in room 212 the 
ceiling temperature was only 71.1 deg. F. It should also be noted that 
there was little change in these differences when the outside air tem- 
perature dropped to -10 deg. F., at which temperature room 212 
showed a difference (ceiling to floor) of 1.4 deg. F. and room 214 
showed a difference (ceiling to floor) of 18.5 deg. F. The breathing 
line temperatures in the case with the sub-zero outside air tempera- 
ture of -10 deg. F. were 66.8 and 73.0 deg. F., respectively, and room 
214 was distinctly not comfortable with an air temperature 3 in. 
above the floor of 61.4 deg. F. while room 212 was quite comfortable 
with an air temperature 3 in. above the floor of 66.6 deg. F. Also 
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note that in the uncomfortable room 214 an air temperature 3 in. 
below the ceiling of 79.9, or 18.5 deg. F. higher than at the floor was 
maintained, while in the comfortable room 212 the air temperature 3 in. 
below the ceiling was 68 deg. F. or only 1.4 deg. F. higher than at the 
floor. 

These results are in general agreement with the ones obtained 
from the test rooms in the low temperature testing plant, with the 
exception that for the wall type of radiator the temperature difference 
between the air at the floor and at the ceiling was 10.8 deg. F. instead 
of approximately 2 deg. F. This condition will be more fully dis- 
cussed in Chapter X. 

It is now possible to point out that the heat losses from these 
two rooms are determined not merely on the basis of the area of 
the heat losing surfaces in walls, glass, and ceiling, as is generally 
assumed, but that the heat losses are also decidedly affected by the 
type and location of the radiators installed and the resulting effect 
on the air temperatures in the room. For example, the ceiling of room 
212 is 50 per cent larger than the ceiling of room 214, yet the aver- 
age heat loss through the ceiling of the former room with the low 
wall radiator was 234 sq. ft. x 0.525 (coef.) * (69.6° — 32.5°) = 
4560 B.t.u. per hr. as compared with 156 sq. ft. x 0.525 (coef.) < 
(83.2° — 32.5°) = 4150 B.t.u. per hr. for the latter room with the 
high column radiator, or aa < 100 = 9.9 per cent more. The aver- 
age air temperatures from floor to ceiling line were 68.5 deg. F. for 
room 212 and 73.2 deg. F. for room 214, which on the common basis of 
an average outside temperature (Table 1) of —0.9 deg. F. reduced the 
wall and glass heat loss and the infiltration heat equivalent for the 
former room to ox 100 = 6.4 per cent less than for the latter 
room. Since the calculated wall and glass heat loss and the infiltration 
heat equivalent of room 214 were 1870 (for wall) + 2380 (for glass) 
+1705 (for infiltration) = 5955 B.t.u., this 6.4 per cent reduction in 
air temperature difference through the wall and glass practically 
offset (0.064 * 5955 — 381 B.t.u. as against 410 B.t.u.) the slightly 
greater ceiling loss (9.9 per cent) of room 212 and the two rooms 
should have required about the same amount of equivalent (240 
B.t.u. per sq. ft.) radiation to maintain approximately the same 
“comfort line” (at the 30-in. level) temperatures of 68.0 deg. F. for 
room 212 and 69.1 deg. F. for room 214, although the former has de- 
cidedly more heat losing surface. Note, however, the installed nominal 
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radiation was only 27 sq. ft. in room 212 as against 36 sq. ft. in room 
214. 

Room 214 was cold to occupants but at the same time was ac- 
tually seriously overheated, having an excessive heat loss through the 
ceiling. Room 212, with a 50 per cent greater cold ceiling area than 
room 214, was comfortable to occupants, and even after allowing for 
the higher rate of heat emission per square foot of the wall type 
radiator in this room as compared with the column type radiator in 
room 214, actually required no more steam to make it comfortable 
than room 214 with the 38 in. high 2-column radiator. 

The validity of the data just given was further checked by actually 
replacing the 36 sq. ft. 38-in. high 2-column radiator in room 214 
with a 21 sq. ft. wall radiator of three 7-sq. ft. sections placed under 
the window. This change in radiators in the same room presented 
a most striking example of the variation in floor to ceiling tempera- 
ture differentials as affected by the type and location of radiators. 
Referring to Table 1 and Fig. 17 it may be seen that with the 36 sq. 
ft. 38-in. high 2-column radiator in room 214 placed beside the win- 
dow the average temperature differential between the floor and ceiling 
was 18.7 deg. F. with an average outside temperature of —0.9 deg. F. 
This column radiator was then replaced with the 21 sq. ft. wall radia- 
tor of three 7-ft. sections placed under the window. The floor to ceiling 
temperature differential with this type of radiator placed directly 
beneath the window was 2.2 deg. F. with an average outside tempera- 
ture of +. 4.38 deg. F., and this value agrees very closely with the 
average temperature differential of 1.45 deg. F. in room 212, which was 
also heated with a wall type of radiator placed directly beneath the 
window. This is a reduction of 16.5 deg. F. in the floor to ceiling tem- 
perature differential which existed with the higher column radiator. 

In Table 1 and Fig. 17 it may also be observed that the large 
difference in the temperature differential obtained with the two types 
of radiators resulted from the reduction in the ceiling temperatures 
maintained by the wall type of radiator. With the average floor 
temperature 1.0 deg. F. higher with the low wall type of radiator than 
with the high column type, the ceiling temperature was 15.5 deg. F. 
lower, having been reduced from an average temperature of 83.2 
to 67.7 deg. F. The wall type of radiator, therefore, not only heated 
the room more comfortably, but also more economically, as the heat 
loss through the ceiling was materially reduced. 

A further illustration of the difference in the performance of the 
two types of radiators may be obtained by comparing the equiva- 


FACTORS AFFECTING HEATING WITH STEAM RADIATORS aif 


lent rated areas of each radiator. The nominal surface area of the 
high column radiator in room 214 is 36.0 sq. ft. and that of the low 
wall radiator in the same room is 21.0 sq. ft. The coefficient of heat 
transmission is approximately 27 per cent larger for the wall radiator 
than for the high column radiator. The surface area of the additional 
pipe necessary to install the wall radiator was 1.3 sq. ft. The total 
nominal surface area of the wall radiator expressed as equivalent 
column radiation becomes (21.0 + 1.3) & 1.27 = 28.3 sq. ft. Com- 
paring this area of 28.3 sq. ft. with the original nominal area of 
36.0 sq. ft. of the column radiator, it may be seen that the reduction 
in “equivalent” radiation installed was 7.7 sq. ft. or 21.4 per cent, but 
the actual reduction was from 36.0 to 22.3, or 13.7 sq. ft., or 38 per 
cent. At least 14 less cast iron was required, based on the same unit 
weight of 7 lb. per sq. ft. of area for each radiator. 

These results in general are in conformity with those obtained 
in the test rooms in the low temperature testing plant and discussed 
in Section 13. In the latter case it was indicated that while the same 
steam economy was obtained by use of both the wall and the tubular 
radiators a greater economy might be realized under certain conditions 
from the wall radiator. In that case, comparison was made on the 
basis that the same temperature was maintained at the breathing level 
or 5 ft. from the floor. In the case of the two office rooms, however, 
comparison has been based on two radiators that maintained the same 
temperature at the comfort line or 30 in. from the floor. In order 
to accomplish this, a much higher temperature at the ceiling resulted 
when the column radiator was used in the office room than when the 
tubular radiator was used in the test room. This may be noted from 
Figs. 16 and 17, from which the ceiling temperatures are seen to be 
71.6 deg. F. and 83.2 deg. F., respectively. In addition, the column 
radiator was 88 in. high as compared with 26 in. for the tubular radia- 
tor used in the test room. These two factors combined to give a much 
greater gain in economy for the wall type radiator as used in the office 
rooms than was realized for the same type in the test room. 


15. Summary and Conclusions—From these results it appears 
evident that a long, low, thin radiator placed under a window has some 
advantages over a thicker, shorter, and higher radiator similarly 
placed, in that, with the same temperature at the breathing level, it 
will produce higher temperatures in the living zone and lower tem- 
perature at the ceiling than those obtained with the higher radiator. 
Furthermore, it will accomplish this result with less actual square 
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feet of surface than are required for the higher radiator, and with prac- 
tically the same steam condensation. With the same temperature 
maintained at the comfort line the long, low, thin radiator shows a 
decided gain in economy over the short, high, thick one. Furthermore, 
if the results from this entire investigation of room heating indicate 
anything, they indicate that air temperatures read solely at the 5 ft. 
0 in. level or “breathing line” in a room are a very poor index of the 
effectiveness of the heating unit in the room for maintaining satis- 
factory temperatures at the 2 ft. 6 in. level or “comfort line,” as 
it may well be called. Unquestionably, both “breathing” and “com- 
fort” line temperatures should be taken into account, and it also ap- 
pears probable that the system which, for a given “breathing line” 
temperature, will maintain the highest “comfort line’ temperature 
is the best. From data now available, it is almost certain that such a 
system will also require the least heat input into the room. 

The following conclusions may be drawn from the data given: 

(1) The steam condensation of a direct cast-iron radiator, ex- 
pressed in pounds of condensate, is not an adequate measure of the 
performance of the radiator. The “heating effect”? produced on the 
air in the room must be taken into consideration in making com- 
parisons between different types of radiators. 

(2) Long, low, cast-iron radiators placed under windows heat a 
room more comfortably and more economically than higher column 
radiators placed at the side of the windows. 

(3) Long, low, cast-iron radiators maintain materially better 
floor to ceiling temperature differentials than high column radiators. 

(4) The larger portion of the temperature differential in a room 
heated with direct steam cast-iron radiators of the column and tubular 
types occurs between the floor and the breathing level. 

(5) The temperature used as an indication of whether a room is 
properly heated or not should be observed at some level nearer the 
floor than the breathing level. 


V. ENCLOSURES ON TUBULAR AND WALL TYPES OF RADIATORS 


16. Enclosures on Tubular Type of Radiator—The results of tests 
of several types of enclosures were reported in Bulletin No. 192, and 
it was shown that certain types of fully grilled enclosures gave higher 
temperatures in the living zone with less steam condensation than 
the unenclosed radiator, while enclosures with solid ends and a com- 
paratively small outlet slot in the front similar to the one shown in 
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Fic. 18. Room Temperature GRADIENTS AND STEAM ConDENSING RaTES 
For TusuLar Rapiator with ENciosurns Nos. 17, 174, 
178, AND 17c In West Test Room 


Fig. 8 gave uniformly lower temperatures in all zones with less steam 
condensation than the unenclosed radiator. Additional tests were run 
on the latter type of enclosure in order to determine whether the 
size of inlet and outlet slots had any material influence on the per- 
formance. These tests were run with a 7-section radiator and the 
enclosure shown in Fig. 8. This arrangement was sufficient to give 
a temperature of 71.7 deg. F. at the breathing level, while the 6-section 
radiator and corresponding enclosure used for the tests reported in 
Bulletin No. 192 gave a temperature of 65.9 deg. F. 

The room temperature gradient curve for enclosure No. 17a, having 
an inlet of 75.3 sq. in. and an outlet of 74.7 sq. in., is shown in Fig. 
18. When the inlet was increased to 94.1 sq. in., as shown for en- 
closure No. 17c, practically no change occurred in the room tempera- 
ture gradient except that the temperature of the air at the floor was 
decreased 0.3 deg. F. However, when the inlet of 75.3 sq. in. was 
retained, and the outlet was increased to 106.0 sq. in. the tempera- 
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Fic. 19. Room TreMprraATURE GRADIENTS AND STEAM CONDENSING RATES 
ror TuBULAR RApIATOR WITH HNcLosurES Nos. 1, 1A, 
AND 20 IN West Test Room 


ture at all levels in the room was slightly increased, as shown by the 
curve for enclosure No. 17b. This would seem to indicate that the 
actual constriction in the original enclosure was at the outlet. Hence, 
enlarging the inlet had no appreciable effect, while enlarging the out- 
let resulted in a slight improvement. 

When both the outlet and inlet were enlarged to 106.0 sq. in. 
and 94.1 sq. in., respectively, as shown for enclosure No. 17 in Fig. 
18, the room temperatures at all levels were again slightly increased. 
The total increase over those produced by the original enclosure, No. 
17a, was approximately one deg. F. These increases, as well as the 
changes in steam condensation, were so small that they can hardly be 
regarded as outside of the limits of experimental error. Hence, it 
seems probable that the presence of the solid ends and partly solid 
front is a disadvantageous feature in this type of enclosure, and no 
great improvement may be expected short of the adoption of fully 
grilled ends and front. 


17. Shields on Tubular Type of Radiator—The results of the tests 
with a metal shield similar to the one shown in Fig. 10, used on a 
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26-in. tubular radiator located under a window, are given in Fig. 19. 
The results from the unenclosed radiator are also shown for com- 
parison. For the temperature gradient curve designated as enclosure 
No. 1, the metal shield was in contact with the radiator both at the 
back and the top. Some improvement over the unenclosed radiator 
was shown, in that the temperature in the living zone was higher and 
at the ceiling was lower. Since the steam condensation was reduced 
to 4.89 lb. per hr. as compared with 5.58 lb. per hr. for the unenclosed 
radiator, the arrangement with the shield heated the room more com- 
fortably and more economically than the unenclosed radiator. The 
back of this metal shield was then painted brown instead of the gold 
bronze of the original shield. As shown in the curve for enclosure No. 
ia practically no difference could be detected in the room tempera- 
tures, but the steam condensation was increased from 4.89 to 5.09 
ib. per hr. Hence this could not be regarded as an improvement. 

The metal shield, with the back painted brown, was then given 
a clearance of one inch from the radiator, both at the back and at the 
top. As shown in the curve for enclosure No. 20, Fig. 19, all air 
temperatures in the room were increased by approximately 1.5 deg. 
F. over those obtained with the shield with no clearance. Thus, the 
ceiling temperature was increased, but it was still below that ob- 
tained with the unenclosed radiator. The steam condensation was 
increased from 4.89 to 5.21 lb. per hr., but this was less than the 
5.58 lb. per hr. obtained with the unenclosed radiator. Hence, since 
the temperature in the living zone was materially greater than that 
for the unenclosed radiator, the arrangement of the shield with one 
inch clearance may be regarded as decidedly better than the unen- 
closed radiator, and somewhat better than the radiator with the shield 
having no clearance. 


18. Enclosures on Wall Type of Radiator—Two types of en- 
closures were used on the wall radiator. These are shown as en- 
closure No. 16b in Fig. 11, and enclosure No. 15b in Fig. 12. The re- 
sults obtained from these enclosures, compared with those obtained 
from the unenclosed radiator, are shown in Fig. 20. Reference to the 
room temperature gradient curve for enclosure No. 16b indicates that, 
while the temperature in the zone between the 3-ft. and the 5-ft. levels 
was maintained the same as that for the unenclosed radiator, the tem- 
peratures in the zones below the 3-ft. level and above the 5-ft. level 
were decreased. While some advantage results from the lower ceiling 
temperature, the disadvantage of the colder living zone more than 
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Fig. 20. Room TEMPERATURE GRADIENTS AND STEAM CONDENSING RATES 
For WALL RADIATOR wItH EXNcLosuRES Nos. 13a, 15s, 
AND 168 IN Hast Test Room 


offsets the advantage, and the room was therefore not heated as satis- 
factorily when the enclosure was used. A reduction in steam conden- 
sation from 6.02 to 5.65 lb. per hr. occurred, but this was accomplished 
at the expense of satisfactory heating. 

The room temperature gradient curve for enclosure No. 15b in 
Fig. 20 indicates that the use of the enclosure with fully grilled 
front reduced all air temperatures in the room from those obtained 
both with the unenclosed radiator and with the partially solid front 
enclosure No. 16b. Since the greatest reduction took place in the 
living zone, this enclosure was not as satisfactory as either the un- 
enclosed radiator or enclosure No. 16b, even though the steam con- 
densation was less. 

The enclosures were apparently not as satisfactory when used 
on the wall type of radiator as when used on the tubular type, be- 
cause they interfered with the circulation of air over the radiator 
to a greater extent. The fact that the temperature in the living zone 
was reduced more by the enclosure with the fully grilled front than 


FACTORS AFFECTING HEATING WITH STEAM RADIATORS 43 


NOTE: All fests made with 21 5g. tt 


cold koom Te70. in deg. F | | well radiator at tron? wall. 
EE 3.79 1b., Enclosure No. 1/8, Test E-/4a 
fe 5.54 /b., Enclosure Wo. /4a, Test E-9a 
-24 5.18 /b., Evrrclosure Wo. (3a, Test E-8a 
-24 6.02 10., Unernciosed kadliator, Test R-56 
Qk GC) OS REL (OURS Ws 
80 Ner lo of ee? Conaensed peer lr | ! I 
ke Test K-50, Unenclosed Kadiator, | \_ 
NN Test E-9a, = i 
x 70 | 4nrcel. Ne/4aZ ee Sort al N 
f SS 
BN Se = 2 ee Encl No. Erre/. No. 
4 (esr i: /4a, Enclosure No. 18 aes /4a /8 
60 fle ra area 
< Test E- 39, Enriclosure o.13a N Ly 
S Note: All enclosures ppa1eg, O(ACK & x 
S: 50 Weasldé O77 Ours. if ie i a z 
& LM 
N 8 | x N Si2q777 12770.\__ | oe id 
RR N VEST 246%, 
40 = 


de 7g) / aq Es Ff So a a 8 ClO tie ie 
Healglr? Above Floor ta -éer 


Fic. 21. Room Temperature GRADIENTS AND STEAM CONDENSING RATES 
For WALL Rapiator witH ENcuosurss Nos. 13a, 14a, 
AND 18 1n East Test Room 


by the one with the slotted solid front may indicate that the fronts 
became secondary radiating surfaces, and the solid front presented 
more surface than the fully grilled one. 


19. Shield on Wall Type of Radiator—The type of metal shield 
used for these tests is shown in Fig. 138 with additional details shown 
in Fig. 21. The results are shown in Fig. 21, together with the results 
obtained from the unenclosed radiator. From the room temperature 
gradient curve, designated. as enclosure No. 13a, it may be observed 
that when the back of the shield fitted snugly against the radiator, all 
air temperatures in the room were reduced approximately 3.3 deg. 
F. below those obtained with the unenclosed radiator. The steam 
condensation was also reduced from 6.02 to 5.18 lb. per hr. This 
arrangement of the shield was not as satisfactory as the unenclosed 
radiator. The room temperature gradient curve for this arrangement 
is also shown in Fig. 20, Test E-8a, from which it is also apparent that 
the snugly fitting shield was not as satisfactory as the two enclosures, 
orobably because the clearance at the back of the enclosures per- 
mitted better circulation of air over the radiator. 
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Since it was indicated that permitting freer circulation of air over 
the radiator might improve the performance of the shield, a clear- 
ance of one inch was allowed between the back of the shield and the 
radiator. The room temperature gradient curve for enclosure No. 14a, 
Fig. 21, indicates that the performance of this arrangement was prac- 
tically the same as that of the unenclosed radiator, except that the 
temperature near the floor was about one degree cooler. The steam 
condensation was somewhat less than that for the unenclosed radiator. 

An attempt was made to still further increase the circulation of 
air over the radiator by raising the top of the shield at an angle of 
45 deg. as shown in the detail for enclosure No. 18 in Fig. 21. This 
procedure gave practically the same room temperature gradient curve 
as the one shown for enclosure No. 14a, and the steam condensa- 
tion was increased from 5.54 to 5.79 lb. per hr., hence no gain can 
be regarded as resulting from the change. 

In general, these results seem to indicate that nothing is to be 
gained in room temperature conditions by using even the best types 
of shields and enclosures on the wall type of radiator, and that in 
most cases a distinct loss results. 


VI. Location or ENCLOSED AND UNENCLOSED RADIATORS 


20. Unenclosed Tubular Type of Radiator at Exposed and Un- 
exposed Wall—The results obtained by changing the location of a 
26-in. tubular radiator from a position under a window in the ex- 
posed or front wall of the room to one near the opposite unex- 
posed wall are shown in Fig. 22. From the room temperature gradient 
curves, it may be observed that changing the location of the radiator 
to one near the back wall resulted in increasing the temperature of 
the air at the ceiling and somewhat at the breathing level. The tem- 
perature in the living zone, however, was decreased, and near the 
floor the temperature was only 50.0 deg. F., or 2.6 deg. F. lower than 
that for the radiator at the front wall. While the steam condensation 
was reduced from 5.61 to 5.51 lb. per hr. by changing the location to 
the back wall, the room was not as satisfactorily heated as it was 
with the radiator located under the window in the exposed wall. 

Apparently, when the radiator was located near the back wall the 
cold air flowing downward over the window in the exposed wall passed 
directly across the floor to the radiator, thus causing the air to be 
colder at the floor. When the radiator was located under the window 
the cold air flowing down over the latter was heated by the radiato1 
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and most of it never reached the floor. This cold air was mixed with 
the warm air rising from the radiator. The result was that the air 
reaching the ceiling was not as warm as it was in the case of the 
radiator located at the back wall, and the temperature at the ceiling 
was lower. 


21. Unenclosed Wall Type of Radiator at Floor and Ceiling—In 
both cases for these tests the radiator was located near the front, 
or exposed, wall. In the first case it was placed extending along 
the wall and under the window, following the usual practice as shown 
in the detail in Fig. 16. In the second case, it was placed with the 
flat surface near the ceiling and extending parallel to the front wall 
as also shown in the detail in Fig. 16. 

The full nominal 21 sq. ft. of surface was utilized in both tests 
and the results offer the most extreme contrast of any of the various 
arrangements investigated. The room temperature gradient curves 
are shown in Fig. 16. The one for the radiator near the floor is 
designated as test R-5b, and shows that with the radiator in this loca- 
tion the room was heated to a temperature of 73.1 deg. F. at the 
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breathing level, with a temperature of 64.9 deg. F. at the floor and 
75.3 deg. F. at the ceiling. 

When the same radiator was changed to the location near the 
ceiling, the temperature at the breathing level was reduced to 51.4 
deg. F. and at the floor to 42.5 deg. F. as shown by the curve desig- 
nated as test R-3b in Fig. 16. The temperature of the air 3 in. below 
the ceiling was 86.2 deg. F. as compared with the 75.3 deg. F. obtained 
when the radiator was located near the floor. In this particular case 
the temperatures were also measured at distances of 114 in. and 1% in. 
below the ceiling and were found to be approximately 104.0 deg. F. 
and 107.0 deg. F., respectively. The steam condensation was 5.76 
lb. per hr. as compared with 6.02 lb. per hr. for the radiator located 
near the floor, but the latter heated the room to a satisfactory degree 
at all levels in the room while the radiator located near the ceiling 
failed to produce temperatures above 65 deg. F. at any level below 
7 ft. Hence, any comparison based on steam condensation alone would 
be extremely misleading in this case. 

It is interesting to note that while this same radiator when used 
in the standard manner, under a window, gave about the best results 
of any arrangement investigated, by merely changing the location to 
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one near the ceiling it was caused to produce by far the most unsatis- 
factory results of any observed. The results obtained are sufficient 
to make it evident that the location near the ceiling is an entirely im- 
practical one for a wall type of radiator, and should never be used. 
Observation of a number of actual installations has indicated that 
such a location is occasionally used, however, both for wall type 
radiators and for pipe coils. 


22. Enclosures on Tubular Type of Radiator at Front and Back 
Wall—tThe results reported in Bulletin No. 192 indicated that the 
best type of enclosure was the one shown in Fig. 9. In this case the 
tests were run on the enclosure placed on a radiator located under the 
window in the exposed wall, and the room temperature gradient curve 
shown in Fig. 23, test E-6, has been reproduced from Bulletin No. 192. 
The curve for this same enclosure placed on the same radiator located 
near the back wall is designated as test E-la, and the curve for the 
unenclosed radiator at the back wall, test R-5b, has been included 
for the purpose of comparison. 

The enclosure, when used on the radiator near the back wall, 
produced lower temperatures at the floor and in the living zone than 
those obtained when the enclosed radiator was located near the front 
wall. The temperatures in the room above the breathing level were 
practically the same. The steam condensation was exactly the same, 
4.71 lb. per hr., in both cases. Both locations for the enclosed radiator 
gave higher temperatures in the living zone and lower temperatures 
at the ceiling than the corresponding temperatures for the unenclosed 
radiator at the back wall. The steam condensation for the latter was 
5.51 lb. per hr. Hence, the enclosure in either position heated the 
room more satisfactorily and economically than the unenclosed radia- 
tor. However, when the enclosure was placed on the radiator near 
the back wall the cold air from the window was drawn across the floor, 
resulting in lower floor temperatures and proving the location under 
the window at the front wall to be the better one of the two. 

The curve for the most unfavorable type of enclosure, similar to 
the one shown in Fig. 8, has been reproduced from Bulletin No. 192 
and shown as test E-23 in Fig. 24. In this case the enclosure was 
on the radiator located at the front wall under the window, and the 
room was not satisfactorily heated, since the temperature at the 
breathing level was only 65.9 deg. F. When the enclosed radiator 
was moved to the back wall the breathing level temperature was in- 
creased to 68.4 deg. F. and the temperature at the floor increased 
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from 48.9 to 51.0 deg. F. In neither case was the enclosure as satis- 
factory as the unenclosed radiator located at the back wall, as shown 
by the curve for test R-5b in Fig. 24. The indications are, however, 
that if the size of the radiator were increased when the enclosure was 
used, more satisfactory heating would occur than with the original 
6-section radiator unenclosed. 

The curves for a radiator with a 12-in. cloth cover of the type 
shown in Fig. 14, located both at the front and back wall, are also 
given in Fig. 24. The results indicate that the location near the front 
wall is somewhat better, but as compared with the unenclosed radia- 
tor this is an entirely impractical arrangement and satisfactory heat- 
ing can be accomplished only by materially increasing the size of 
the radiator over that required for the unenclosed radiator. 

The curves for the shield shown in Fig. 10, placed on the radiator 
located both at the front and back walls, are given in Fig. 25. Prac- 
tically no difference was obtained for the performance in the two 
locations, and in both cases a material improvement over the unen- 
closed radiator located at the back wall was shown. 
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In general, the results indicate that the location of the heating 
unit under a window in the exposed wall is to be preferred to the 
location near the unexposed wall. 


VII. Sizp or ENCLOSED AND UNENCLOSED RADIATORS 


23. Unenclosed Radiators——Since, unless otherwise specified, all 
tests were run under constant external conditions with regard to tem- 
peratures in the cold room, attic, and basement, and air motion in 
the cold room, the temperature established at the breathing level 
would be uniquely determined for each heating unit used by the size 
and efficiency of the unit. This temperature would also be affected 
by any changes made in the room exposures involving changes in heat 
loss from the room. Therefore, in order to obtain comparable results 
by establishing the same temperature at the breathing level under the 
various conditions encountered in the tests, it became necessary either 
to change the size of the heating unit or to make part of the surface 
ineffective. The necessity for this procedure made it desirable to 
determine just what influence changes in the exposed surface of the 
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heating unit had on the room temperature gradients and steam con- 
densation, and whether the performance for a different size of unit 
could be predicted from tests made on a given size. In most cases, 
the change in size was accomplished by wrapping sections of the radi- 
ator with several layers of cloth, as shown in Fig. 15. 

The room temperature gradient curve for the 26-in. 6-section 
tubular radiator, with all of the surface effective and used in the room 
with storm sash on the windows, is shown as test R-8a in Fig. 26. 
When one section of this radiator was wrapped all temperatures in the 
room were reduced by approximately 3.0 deg. F., thus moving the 
temperature gradient curve parallel to the original curve, as shown for 
test R-14a. Further wrapping of 24 section again reduced all room 
temperatures by approximately 0.7 deg. F., giving a curve, test R-1la, 
parallel to the other two. The steam condensation was successively 
reduced from 5.53 to 5.25 and 4.99 lb. per hr. 

The heat loss from the test room is some function of the tempera- 
ture difference between the air in the room and the air in the cold 
room. Table 2 has been compiled in order to determine whether there 
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is an exact relation between the reduction in indoor-outdoor temper- 
ature difference and the reduction in steam condensation, when a 
uniform reduction in all temperatures in the test room occurs. In the 
case of a uniform temperature reduction, this reduction may be de- 
fined by the ratio of the indoor-outdoor temperature differences at 
any given level in the room. A comparison was made of these ratios 
formed for the breathing level and the 30-in. level. Inspection of 
Table 2 shows that the ratios for the two levels were practically the 
same; hence either one may be used as an index. From Items Nos. 
1 and 2 it may be observed that the ratio of steam condensations was 
less than the ratio of temperature differences when the tubular radia- 
tor was wrapped. This indicates that as the surface of the radiator 
was reduced, the reduction in steam condensation occurred at a greater 
rate than the reduction in indoor-outdoor temperature difference. Con- 
versely, if the surface were increased the steam condensation would 
also increase at a greater rate than the increase in indoor-outdoor 
temperature difference. 

Similar conditions were found to exist in the case of the wall 
type radiator, as may be noted from Items Nos. 3 and 4 in Table 2. 
The room temperature gradient curves, as shown by tests R-5b and 
R-2c in Fig. 16, were also parallel. 


24. Enclosed Radiaters—The room temperature gradient curves 
for the enclosure shown in Fig. 8, with the radiator unwrapped and 
with one section wrapped, are given in Fig. 27, tests E-25a and E-28a. 
Here again a uniform reduction of 1.7 deg. F. for all room tempera- 
tures occurred, and parallel curves were obtained. The reduction in 
steam condensation also occurred at a greater rate than the reduction 
in indoor-outdoor temperature difference, or if the surface is regarded 
as being increased, the increase in steam condensation took place at a 
greater rate than the increase in temperature difference. 

In the case of this enclosure, tests were first run with the en- 
closure used on a 26-in. 6-section tubular radiator. These tests were 
reported for enclosure No. 11 in Bulletin No. 192, and the room 
temperature gradient curve has been reproduced in Fig. 27, test E-23. 
As compared with the curve for the same radiator unenclosed, test 
R-5a, this enclosure failed to heat the room. The steam condensation, 
however, was only 81.6 per cent of that given by the unenclosed 
radiator. Some question arose as to whether, if the size of the radia- 
tor and enclosure were increased to the extent that the larger enclosed 
radiator would give the same temperature at the breathing level (69.1 
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deg. F.) as the unenclosed 6-section radiator, the room might be more 
satisfactorily heated than with the smaller unenclosed radiator, and 
the steam condensation still remain less. This question may now be 
answered by inspection of the room temperature gradient curves for 
tests R-5a and EH-28a in Fig. 27. 

It may be observed that when the size of the enclosure and radia- 
tor were increased until the temperature produced at the breathing 
level became comparable with that produced by the smaller unen- 
closed radiator, the combination still did not heat the living zone 
as satisfactorily as the smaller unenclosed radiator. The steam con- 
densation was only 90.4 per cent of that obtained from the smaller 
unenclosed radiator, but this cannot be regarded as an economy in- 
asmuch as the room was not as satisfactorily heated. 

By retaining the same large enclosure and increasing the effec- 
tive surface of the radiator, it was found possible to obtain the same 
temperature at the floor as that given by the smaller unenclosed 
radiator. The temperature at the breathing level was higher, how- 
ever. This is shown by the curve for test E-25a in Fig. 27. In this 
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case the living zone was heated more satisfactorily by the larger com- 
bination than by the smaller unenclosed radiator. The steam conden- 
sation was 94.3 per cent of that for the smaller unenclosed radiator. 
Hence, some degree of economy was accomplished. 

On comparing Items Nos. 7 and 8 in Table 2 and curves for tests 
Nos. E-23 and E-25a, it is evident that when both the radiator and 
the enclosure as a unit were increased in size, the increase in room tem- 
peratures was not uniform, and the increase in steam condensation 
occurred at a much greater rate than the increase in indoor-outdoor 
temperature differences. Hence, while it may be possible to heat the 
room satisfactorily and with somewhat greater economy by increasing 
the size of the radiator when an unfavorable enclosure is used, above 
the size required with the unenclosed radiator, it would be unsafe to 
attempt to predict the probable steam condensation by forming the 
ratio of the two probable indoor-outdoor temperature differences and 
multiplying the steam condensation for the smaller unit by this ratio. 

Similar data for the 12-in. cloth cover shown in Fig. 14 are pre- 
sented in Fig. 28. One test with this cover used on a 26-in. 6-section 
tubular radiator was reported in Bulletin No. 192, and the room tem- 
perature gradient curve has been reproduced and shown as test No. 
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E-7 in Fig. 28. Comparison with the curve, test R-5a, for the 6-sec- 
tion unenclosed radiator shows that the combination with the cloth 
eover failed to heat the room, and that the steam condensation was 
only 65.4 per cent of that for the unenclosed radiator. This combina- 
tion was then replaced by a 9-section radiator with a similar 12-in. 
cloth cover, and the temperature gradient curve, test E-20a, was ob- 
tained. In this case the temperature at the breathing level was ap- 
proximately one deg. F. lower and at the floor was one deg. F. higher 
than that for the unenclosed 6-section radiator. The room was, there- 
fore, just as satisfactorily heated, and, in addition, the temperature at 
the ceiling was 3.5 deg. F. lower. The steam condensation was 88.4 
per cent of that for the unenclosed 6-section radiator. In this case, by 
increasing the size of the radiator equipped with the cloth cover to an 
extent such that the temperature at the breathing level became com- 
parable with that produced by the smaller unenclosed 6-section radiator, 
it was possible to heat the room just as satisfactorily and with greater 
steam economy than with the smaller unenclosed radiator. It may be 
observed that this result was accomplished with practically the same 
temperature at the breathing level, while in the case of enclosure No. 
17a a higher temperature at the breathing level was required to ac- 
complish the same result. This may be explained by the fact that when 
the cloth covered radiator was increased to 9 sections the exposed 
part remained the same height but became relatively longer, while 
when enclosure No. 11 was increased in size, thus becoming enclosure 
No. 17a, the same relative increase in length did not occur. The 
results discussed in Chapter IV indicate that better performance may 
be expected with the relatively long and low radiators. 

Inspection of Items Nos. 9 and 10 in Table 2 and the curves for 
tests Nos. E-7 and E-20a in Fig. 28 shows that this combination pre- 
sented the same features common to the other combinations tested 
when the size was increased, in that the room temperatures at all 
levels were uniformly increased, and the steam condensation increased 
at a greater rate than the increase in indoor-outdoor temperature 
difference. In general, therefore, it is not safe to attempt to predict 
steam condensation for another size of unit from the room tempera- 
ture gradient curves and steam condensation for a given size. 


VIII. Patnt oN ENCLOSED AND UNENCLOSED RADIATORS 


25. Results of Previous Investigations——The effect of various 
paints on unenclosed radiators has been determined by other investi- 


56 ILLINOIS ENGINEERING EXPERIMENT STATION 


TABLE 3 
Resuuts or Tests on Drums 


Area of Relative 

Radiating Rating 

Surface per cent 

Radiator Finish sq. ft. 

No. 28 black iron, painted with dull black Pecora paint 5.53 100.0 
IC Tin, 2 coats gray paint, zine, lithopone, linseed oil 5.51 101.1 
Black iron, very rusty anasn sone bon ine meee aeons 5.52 107.7 
Rusty black iron with one coat of aluminum bronze. . 5.51 81.8 


TABLE 4 
ReEsutts or TESTS ON COLUMN RADIATORS 


Nominal Relative 
Radiator Finish Area Rating 
sq. ft. per cent 
One coat dull black Pecora paint.................. 27.0 100.0 
Gray :paint; dipped onv.: ion sawas an anil nee ionre ek 27.0 101.1 
Bare:iron, foundry finish) 71.5 tic cine ce aie ceteris 27.0 100.5 
One coat of aluminum bronze..............0.0006e 27.0 90.8 


TABLE 5 
Resuuts or TEstTs oN TUBULAR RADIATORS 


Nominal Relative 

Radiator Finish Area Rating 

sq. ft. per cent 
Linseed oil, zinc, lithopone paint. Brown color...... 27.5 104.9 
Linseed oil, zinc, lithopone paint. Cream color...... 27.5 104.0 
White-gloss enamel ov5.0. ccooons Pisoe een tare teen 27.5 102.2 
Bare iron, toundry. finish wenn aise eeenimern te 27.5 100.0 
Aluminum\bronze.yj.nasenen macnn tection nee cites 27.5 93.7 
Goldibronze*svaeonte tne cmetnaeerer on ies ote 27.5 92.6 


gations. The results of tests on horizontal drums of uniform size 
were reported in Bulletin No. 120.* These drums were made of sheet 
metal and were 10 in. in diameter and 20 in. in length. There were 
no re-entrant angles to interfere with the emission of radiant heat, 
and all radiating surfaces were effective for convection. Hence, the 
maximum effect would be obtained from changes in the nature of the 


surface. The results from a few of the surfaces, comparable to those 
found on radiators, are given in Table 3. 


*Tnvestigation of Warm-Air Furnaces and Heating Systems,’’ Univ. of IIl. 
Bul. 120, 1921, p. 114, aed Ne ese aeerinseeese 
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The results of tests on column radiators made by W. H. Severns* 
are given in Table 4, and of tests made by C. H. Fessenden and Axel 
Marinj are given in Table 5. 

From data given in these tables it is evident that the use of oil 
paints gave practically the same results irrespective of the color. In 
the case of solar radiation, color is an important factor, but in the 
case of the infra-red radiation given off by the low temperature ra- 
diators color is a secondary factor, and the amount of heat radiated 
is determined by the contour and the nature of the surface. The oil 
paints gave practically the same heat transmission as or a slightly 
greater heat transmission than the unpainted surfaces in the case of 
the tubular radiator. The very rusty surface of the unpainted drum 
proved to be about 7 per cent better than the paints. 

In all cases, the metal bronze paints reduced the efficiency of heat 
transmission. In the case of the drums, where all of the surface was 
an effective radiator, the reduction was approximately 18 per cent. 
In the case of the radiators, where the re-entrant surfaces interfered 
with the effectiveness of radiation, the reduction ranged from 7.4 to 
9.2 per cent. Thus the use of bronze paints is not to be recommended 
unless a corresponding increase is made in the size of the radiator. 


26. Enclosures on Wall Type of Radiator—Since the effect of paint 
on the heat transmission from an unenclosed radiator seemed well 
established, the studies on this investigation were confined to the 
effect of paints on the enclosures alone. The results of tests on the 
enclosure with the fully grilled front and ends shown in Fig. 12 
are given in Fig. 29. The lower curve for enclosure No. 15 was ob- 
tained with the solid metal surfaces of unpainted galvanized iron 
and the grille work in front and ends painted a flat black. When all 
surfaces, both inside and outside, were painted a flat black, with the 
exception of the outside surface of the back which faced the wall 
back of the enclosure, the room temperature gradient curve was raised 
approximately 2 deg. F. as shown by the curve for enclosure No. 16a. 
The steam condensation was increased from 4.95 to 5.47 lb. per hr. 
Painting the whole enclosure, including the back surface, increased 
all temperatures in the room an additional one-half deg. F. and in- 
creased the steam condensation to 5.57 lb. per hr., as shown for en- 


closure No. 15b. 


*“Comparative Tests of Radiator Finishes,” American Society of Heating and Ventilating 
Engineers, Transactions, Vol. 33, 1927, p. 41. , 7 ‘6 

{Experiments on the Effect_of Surface Paints on Radiator Performance, 
ciety of Heating and Ventilating Engineers, Journal, Vol. 34, No. 12, Dec. 1928. 


American So- 
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Fic. 29. Room TmMPprraTURE GRADIENTS AND STEAM CONDENSING RATES 
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The performance of an enclosure is affected by the complex action 
of radiation and convection, and it is difficult to assign a definite 
cause for the changes in performance brought about by the paint. A 
reasonable explanation seems to be that when the galvanized surfaces 
were painted the capacity for both absorbing and emitting radiation 
was increased. However, the inside surface was subjected to higher 
temperatures from the radiator, while the outside surface was sub- 
jected to the lower temperatures of the room. Hence, when the sur- 
faces were painted the inside surface absorbed a greater amount of 
additional heat than the outside surface could emit without increasing 
in temperature. The net result was that the temperature of the metal 
became higher when the surfaces were painted, and, acting as second- 
ary heating surfaces, helped to warm the air circulating over the radia- 
tor and increased the amount of convection. In addition, the warmer 
outside surfaces gave out more heat by radiation. The two factors 
combined to produce higher room temperatures and the increased con- 
vection served to increase the steam condensation. When the outside 
of the back facing the wall was left unpainted, less heat was given 
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Fic. 30. Room TEMPERATURE GRADIENTS AND STEAM CONDENSING RATES 
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up to the wall by radiation as shown by the fact that the temperature 
of the wall surface just back of the enclosure was reduced from 75.7 
to 60.5 deg. F. This reduced the total heat loss from the unit and 
hence reduced the steam condensation. The latter was reflected in 
lower air temperatures in the room than those obtained with the fully 
painted back. 

The results from the enclosure with solid ends and partially solid 
front, shown in Fig. 11, are given in Fig. 30. The room temperature 
gradient curve for the galvanized iron enclosure unpainted is shown 
as test E-1la, enclosure No. 16. By painting the enclosure with flat 
black paint both inside and outside, the temperature gradient curve, 
test E-19a, was raised 5.3 deg. F. until it practically coincided with 
the curve for the unenclosed radiator. The latter is shown as test 
R-5b. Painting the enclosure white over the coat of black paint pro- 
duced no appreciable change in the temperature gradient curve nor 
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Fic. 31. Room TrmMprraturE GRADIENTS AND STEAM CONDENSING RATES 
For WALL Raprator with ENciosurges Nos. 13 AND 138A IN 
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in the steam condensation, as may be observed by comparing tests 
Nos. E-19a and E-4c. 

When the enclosure was given a coat of aluminum bronze over the 
previous two coats of black and white paints, the temperatures in the 
room were decreased by approximately 2.5 deg. F., and the steam 
condensation was reduced from 5.63 to 5.30 lb. per hr. These results 
confirm the results obtained with unenclosed radiators, in that the per- 
formance apparently depended on the nature of the surface rather than 
on the color of the paint. 


27. Metal Shields on Wall and Tubular Types of Radiators—The 
effect of painting a metal shield on a wall type of radiator is shown 
in Figs. 31 and 32. In the first case a metal shield, similar to the 
one in Fig. 18, with the back fitting snugly against the radiator was 
used, and in the second case a clearance of one inch was allowed 
between the back and the radiator. Details of the two arrangements 
are shown in Figs. 31 and 32. It may be noted by comparing the two 
figures that, owing to freer circulation of air over the radiator, the 
performance of the shield having the clearance at the back was 
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Fic. 32. Room TEMPERATURE GRADIENTS AND STEAM CONDENSING RATES 
For WALL RapdIATOR witH EXNciLosurEes Nos. 14 anp 144 IN 
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the better. In both cases painting the shield resulted in increasing 
the steam condensation and raising the temperatures at all levels in the 
room. The increase in room temperature, however, was greater for 
the shield with clearance, enclosure No. 14a, Fig. 32, than for the one 
without clearance at the back, enclosure No. 13a, Fig. 31. In the 
former case the performance became practically as satisfactory as 
that for the unenclosed radiator, while in the latter case the per- 
formance was still not entirely satisfactory. 

The results of tests on the metal shield on the 26-in. tubular radia- 
tor are shown as tests Nos. E-3c and E-8c in Fig. 19. The shield 
shown in Fig. 10 in this case fitted snugly to the radiator at the back. 
The original shield, enclosure No. 1, had the back painted gold bronze. 
When the back was painted brown, no appreciable effect was obtained 
on the room temperatures, as shown by the temperature gradient 
curves. A slight increase of from 4.89 to 5.09 lb. per hr. was obtained 
in the steam condensation. The temperature of the inside surface of 
the wall behind the radiator increased from 57.0 deg. F. to 80.8 deg. 
F., thus indicating that some reduction in the heat loss from the room 
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Fig. 33. Room TEMPERATURE GRADIENTS AND STEAM CONDENSING RATES 
FoR UNENCLOSED TuBULAR RADIATOR IN West Test Room 
WITH Storm SasH on WINDOWS 


S 


could be accomplished by painting the back with metallic bronze 
instead of with brown oil paint. 

The results from all of the combinations of enclosures presented 
some features in common, in that the heat transmission was better for 
surfaces painted with oil paints than for the galvanized surfaces 
and those painted with metallic bronze paints. Furthermore, the color 
seemed to have no influence on the performance with the oil paints. 


IX. Storm Door Anp SAsH 


28. Storm Sash on Windows.—The results of the tests run to de- 
termine the effect of storm sash’ are shown in Fig. 33. The room tem- 
perature gradient curve cbtained with the unenclosed 26-in. 6-section 
tubular radiator and with the room unprotected by either storm door 
or sash is shown as test No. R-5a. The addition of tight-fitting storm 
sash positively locked against felt strips with the full nominal 21 sq. 
ft. of radiation effective, resulted in a uniform increase of approxi- 
mately 3.5 deg. F. in the temperature at all levels in the room, as 
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shown by the curve for test No. R-8a. No appreciable decrease in 
steam condensation occurred. 

One and two-thirds sections of the radiator were then wrapped in 
order to obtain a breathing level temperature comparable with that 
obtained without the use of storm sash. The resulting curve, test 
No. R-lla, was practically identical with the one for test No. R-5a, 
indicating that the use of the storm sash had no appreciable effect 
on the temperature distribution in the room. The steam condensation, 
however, was reduced from 5.61 to 4.99 lb. per hr., representing a 
gain in economy of 11.0 per cent accomplished by the use of storm 
sash alone. 

Tests were also run, both with and without storm sash, with the 
radiator located near the back wall. These results were in conformity 
with the ones shown in Fig. 33, in that a gain in economy of about 
11.0 per cent was obtained with no appreciable effect on the room tem- 


perature gradient. 
29. Storm Door—tThe results of the tests with the outside door 


of the room protected by a tight fitting storm door are shown in 
Fig. 34. The storm door was securely locked against felt strips, and 
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prevented any infiltration of cold air into the room. The room tem- 
perature gradient curve for the unenclosed 26-in. 6-section radiator 
used in the room without storm door or sash is shown as test No. 
R-4c. The addition of the storm door raised the temperatures at 
all levels in the room approximately 6.0 deg. F., resulting in a tempera- 
ture at the breathing level of 74.1 deg. F. instead of 68.8 deg. F. A 
slight decrease in steam condensation also occurred owing to the 
higher room temperature. 

Two and one-half sections of the radiator were then wrapped in 
order to reduce the temperature at the breathing level to approxi- 
mately 68.8 deg. F. The resulting room temperature gradient curve 
is shown as test No. R-8c. Comparing this with the original curve, 
test R-4c, with the unwrapped radiator in the room without storm 
door or sash, it may be observed that a reduction in temperature of 
0.8 deg. F. occurred at the ceiling and an increase of 3.7 deg. F. at the 
floor. This was undoubtedly caused by the fact that the storm door 
eliminated any infiltration of cold air at the bottom of the door. 
Without the use of the storm door this infiltration passed across the 
floor toward the radiator and thus chilled the air near the floor even 
in the center of the room. No such effect was noted in the case of the 
storm sash at the window, because the cracks at the windows were 
necessarily smaller than that at the bottom of the door and any air 
that did filter in was warmed by the current of warm air from the 
radiator and never reached the floor as cold air. 

The steam condensation was reduced from 5.58 to 4.42 lb. per hr., 
representing a gain in economy of 20.8 per cent accomplished by the 
use of the storm door alone. 


30. Storm Door and Sash.—The results of the tests with the room 
equipped with both storm door and sash are shown in Fig. 35. Here 
again the room temperature gradient curve for the 26-in. 6-section 
radiator used in the room without storm door or sash, test R-4e, 
is given for the purpose of comparison. From test R-14c it may be 
observed that, by the use of both storm door and sash, and with the 
full nominal 21 sq. ft. of radiation effective, the temperature at the 
breathing level was increased from 68.8 to 76.5 deg. F. and the tem- 
peratures at all levels were increased by approximately 9.0 deg. F. 
In this case also a decrease in steam condensation of from 5.58 to 5.09 
lb. per hr. occurred, owing to the higher room temperature. 

In order to obtain a temperature at the breathing level comparable 
with the 68.8 deg. F. produced without storm door or sash, 3% sections 
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Fic. 35. Room TreMpERATURE GRADIENTS AND STEAM CONDENSING RATES 
FOR UNENCLOSED TUBULAR RADIATOR IN West Test Room 
WitH StorM SasH AND Storm Door 


of the radiator were wrapped. The resulting room temperature gradi- 
ent curve is shown as test No. R-12c. In this case the temperature 
at the ceiling was reduced 0.8 deg. F., and the temperature at the 
floor increased 5.0 deg. F. over those obtained without storm door or 
sash, owing to the fact that the storm door eliminated all air in- 
leakage at the bottom. The steam condensation was reduced from 
5.58 to 3.85 lb. per hr., representing a gain in economy of 31.0 per 
cent. This agrees very closely with the sum, 11.0 + 20.8— 31.8 per 
cent, obtained from the use of the storm door and sash separately. 
It is evident from these results that a very large gain in economy, 
together with a material reduction in the amount of installed radiation, 
may be effected by the use of tight-fitting storm doors and storm sash. 
It is well to note, however, that the gains reported here were ac- 
complished by means of positive locking devices that forced the 
frames against felt strips, thus eliminating all air infiltration into 
the room, and preventing the entrance of cold air into the space be- 
tween the door or window and the storm door or storm sash. It is 
doubtful whether any such gains could be obtained where such leak- 
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age is allowed, and it should be emphasized that when storm doors 
and sash are used they should be made tight by the use of positive 
locks. 


X. MISCELLANEOUS Factors AFFECTING Room 
TEMPERATURES AND STEAM CONDENSATION 


31. Preliminary Statement—In Chapter IV attention was called 
to the fact that in the case of the wall type radiator used in office 
rooms Nos. 212 and 214, the temperature difference between the floor 
and the ceiling was of the order of 2 deg. F., while in the test room 
in the low temperature testing plant it was of the order of 10.8 deg. 
F. Certain differences existed in the conditions under which the two 
series of observations were made. These were, (1) the temperature 
in the attic was approximately 35 deg. F. in the case of the offices 
and 62 deg. F. in the case of the test room, (2) the offices had only 
one exposure with a window in the exposed wall, while the test room 
had two exposures with a window in one and a door in the other, 
(3) the office windows had no curtains and the shades were not drawn, 
while the windows in the test room had half-drawn shades and full 
length drapes, (4) the offices contained furniture, while the test room 
contained none, and (5) the steam pressure maintained in the offices 
was somewhat higher than that in the test room. The tests in the 
following sections were made in order to determine whether any one 
of these factors had any great influence on the temperature difference 
between the floor and the ceiling. 


32. Variation in Attic Temperature —tThe effect of changing the 
attic temperature from 61.9 deg. F. to 53.2 and 37.3 deg. F., main- 
taining all other conditions constant and retaining the full nominal 
21 sq. ft. of the wall radiator, is shown in the curves for tests R-5b, 
R-5c, and R-6c, respectively, in Fig. 36. Reducing the attic tempera- 
ture resulted in a uniform reduction in the room temperature at 
all levels, and the temperature differences between the air 3 in. above 
the floor and 3 in. below the ceiling became 10.4, 10.4, and 10.1 deg. 
F’., respectively. The latter may be best observed from Table 7. Hence, 
variation in the attic temperature had no appreciable effect on the 
temperature difference between the air near the floor and that near 
the ceiling. 

The steam condensation progressively increased as the temperature 
in the attic decreased, because the decrease in attic temperature was 
accompanied by a decrease in the temperature of the air surrounding 
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the radiator. This increased the temperature difference between the 
air in the room and the steam in the radiator and resulted in greater 
heat transmission. 

In order to determine whether overheating or underheating the 
room as a whole had any influence on the temperature difference be- 
tween the air at the floor and at the ceiling, 22 in. of the surface of the 
radiator was wrapped, and the curve for test No. R-10c in Fig. 36 
was obtained. Comparing this with the curve for test R-6c with the 
same temperature in the attic, it may be noted that the temperature 
difference between the air at the floor and at the ceiling was reduced 
from 10.1 to 9.1 deg. F. when the temperature at the breathing level 
was reduced from 65.0 to 58.2 deg. F. Whether this was caused by the 
reduction in room temperature or by the reduction in the effective 
length of the radiator is difficult to determine, but the reduction was 
so small that it is safe to conclude that the room temperature in 
itself has no influence on the temperature difference between the air at 
the floor and at the ceiling. 
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Fic. 37. Room TeMpeErRATURE GRADIENTS AND STEAM CONDENSING RATES 
FoR UNENCLOSED WALL RapraATor IN Hast Test Room SHOWING 
Errect of DirrERENT BASEMENT TEMPERATURES 


33. Variation in Basement Temperature.—The effect of increasing 
the basement temperature is shown in Fig. 37. These tests were run 
with the full nominal 21 sq. ft. of the wall radiator effective and 
with all conditions, except basement temperature, constant. It may 
be noted from the room temperature gradient curves for tests Nos. 
R-6c, R-8c, and R-9c that, as the basement temperature increased, 
the temperatures at all levels in the room were uniformly increased, 
and the temperature differences between the air at the floor and at the 
ceiling became 10.1, 8.9, and 8.6 deg. F., respectively. Apparently, in- 
creasing the basement temperature results in a slight decrease in the 
temperature difference between the air at the floor and at the ceiling. In 
this respect the basement temperature had more influence than the 
attic temperature. The effect can hardly be regarded as significant, 
however, since an increase of 21.3 deg. F. in basement temperature 
resulted in a decrease of only 1.5 deg. F. in the temperature difference. 


34. Curtains and Shades at Windows.—The windows in the test 
room were equipped with standard roller shades and with full curtains 
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Fig. 38. Room TEMPERATURE GRADIENTS AND STEAM CoNDENSING RATES FOR 
UNENCLOSED TuBULAR Raptator AT Front WALL IN West Test Room 
SHOWING Errect or CurRTAINS AND SHADES 


or drapes of light material. The lower portion of the latter is shown 
in Fig. 4. The results of the tests with the unenclosed tubular radia- 
tor located under the windows, and made to determine the effect of 
the curtains and shades, are shown in Fig. 38. The room tempera- 
ture gradient curve with the curtains on the windows and the shades 
half-drawn is shown for test No. R-4c. When the shades were drawn 
all of the way, and fastened to the window stool with thumb tacks 
in order to prevent the escape of cold air from the space between 
the shades and the glass, a slight increase in the temperature in 
the living zone, and an increase of 2.2 deg. F. in the temperature of the 
air at the ceiling resulted, as shown by test R-2c. The tempera- 
ture at the floor and the steam condensation remained practically the 
same. Hence, no very definite gain was established. 

The results obtained when the curtains and shades were entirely 
removed are shown in the curve for test R-2b. This arrangement gave 
a higher temperature both at the floor and at the breathing level 
than either of the two other arrangements. It also gave a lower 
temperature at the ceiling than that obtained when the shades were 
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drawn all of the way, and only one deg. F. higher than that obtained 
when the shades were drawn half way. The steam condensation was 
slightly higher than for the two other cases, but the room was ap- 
parently more satisfactorily heated. This can only be explained on 
the basis that the presence of the curtains interfered with the passage 
of warm air from the radiator up over the windows, and thus allowed 
some cold air from the portions beyond the ends of the radiator to 
drop to the floor. When the curtains and shades were removed the 
flow was unobstructed, and the warm air could spread out over the 
whole window and thus prevent any cold down drafts beyond the 
ends of the radiator from reaching the floor. 

The effect of curtains and shades with the unenclosed tubular 
radiator located at the back wall, and with the enclosure No. 3 
(see Fig. 9) located in the same manner, is shown in Figs. 39 and 40, 
respectively. In each case the removal of the curtains and shades 
resulted in less favorable heating conditions in the room. The re- 
duction in all room air temperatures, particularly near the floor, was 
more marked in the case of the enclosure, as shown in Fig. 40, than in 
the case of the unenclosed radiator, shown in Fig. 39. In the latter case 
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the steam condensation was unaffected, while in the former a slight 
increase occurred when the curtains and shades were removed. Ap- 
parently, in the case of the heating units located at the back wall, the 
curtains served to interfere with cold air from the windows passing 
across the floor, and when they were removed the resulting current 
of cold air lowered the air temperature near the floor. The opposite 
effect was noted for the unenclosed radiator located under the window 
and discussed previously. 

The effect of curtains and shades with the wall type of radiator 
located under the window may be observed from the curves for 
tests Nos. R-S3c and R-S4c in Fig. 42. In this case the steam con- 
densation remained the same, and all room temperatures remained 
practically the same when the curtains and shades were removed, with 
the exception of the temperature of the air at the ceiling. The latter 
was reduced 1.6 deg. F. The presence of curtains and shades, there- 
fore, had the effect of reducing the temperature difference between the 
air at the floor and at the ceiling from 8.9 to 6.9 deg. F. In this 
respect the curtains and shades were more effective than a reduction 
in attic temperature or an increase in basement temperature. 
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Fic. 41. Room TemMprraTuRE GRADIENTS AND STEAM CONDENSING RATES 
For WALL Rapiaror IN Hast Test Room SHowinG Errecr 
or DIFFERENT WALL EXPOSURES 


35. Change in Wall Exposure—tIn order to make the wall exposure 
in the test room comparable with that in office rooms Nos. 212 and 
214 the heat flow through the exposed wall adjacent to the one con- 
taining the windows under which the radiator was located was prac- 
tically eliminated by covering the whole wall and door with 3 in. 
of hair felt. This study was not made for the purpose of determining 
the effect of practical insulation, and hence conclusions in this regard 
should not be drawn. On the other hand, conclusions with regard 
to the effect of the change from a two-wall exposure to a single one 
should be valid. 

The results of this study are shown in Fig. 41. In order to obtain 
a temperature of 69.3 deg. F. at the breathing level with the two 
walls exposed it was necessary to wrap 14 in. of the radiator. The 
resulting room temperature gradient curve is shown as test No. R-2c. 
When the room was converted into one with a single exposure it was 
necessary to wrap 32 in. of the radiator. In this case, as shown by 
test R-S7c, the temperatures at all levels in the room above the 30- 
in. level remained practically the same as those obtained with the 
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Fia. 42. Room TEMPERATURE GRADIENTS AND STEAM CONDENSING RATES 
For WALL RapiAtor IN Hast Test Room SHOWING Errectr 
OF DIFFERENT STEAM TEMPERATURES 


two walls exposed. The temperature at the floor, however, was in- 
creased from 60.8 to 63.7 deg. F. Therefore, by changing the ex- 
posure from two walls to a single wall, the temperature difference 
between the air at the floor and at the ceiling was reduced from 10.8 
to 7.7 deg. F., or a total of 3.1 deg. F.* 


36. Variation in Steam Temperature—In order to determine the 
effect of the temperature of the steam in the radiator on the temper- 
ature difference between the air at the floor and at the ceiling, three 
tests with steam temperatures of 212.8, 216.5, and 222.6 deg. F. were 
made. The results are shown in Fig. 42 for tests Nos. R-S6c, R-S4c, 
and R-S5c, respectively. From these curves it may be noted that each 
successive increase in steam temperature resulted in a uniform in- 
crease in the temperature in the room at all levels and a consistent 
increase in steam condensation. Furthermore, as the steam tempera- 
tures were increased the temperature differences between the air at 
the floor and at the ceiling became successively 8.7, 8.9, and 9.7 deg. F., 
or an increase of one deg. F. over the extreme range. 


*This increase was probably somewhat influenced by the fact that the door was eliminated 
when the change to a single wall exposure was made. 
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37. Furniture—As far as could be determined, the presence of 
furniture had no effect on the steam condensation or room tempera- 
ture gradients. 


38. Summary.—tThe results in this chapter indicate that no single 
one of the factors mentioned in Section 31 as representing the dif- 
ference in conditions in the office rooms and the test room could 
reduce the temperature difference between the air at the floor and at 
the ceiling from the order of 10.8 to 2 deg. F., and even a combination 
of part, or all of them, is hardly sufficient. Differences in attic and 
basement temperature might account for 2.0 deg. F. and difference 
in wall exposure for 3.0 deg. F. This makes a total of 5.0 deg. F. 
To offset this a deduction of 2.0 deg. F. would probably have to be 
made for the presence of curtains in the test room, and of 2.0 deg. 
F. for the difference in steam temperature, since the steam tempera- 
ture in the test room was the lower, thus leaving a possible one deg. 
F. net as accounted for. The balance, or 7.8 deg. F., must be ac- 
counted for by some factor not readily evident. This factor may pos- 
sibly be the influence of infiltration and general drift of air across an 
actual building, or even the effect of sunshine. In the test room the 
former was governed by circumstances different from those in an 
actual building, and the latter was absent. 


XI. Surrace TEMPERATURES AND TEMPERATURE GRADIENTS 
THROUGH WALLS AND GLASS 


39. Surface Temperatures of Exposed Walls——During the course 
of this investigation a large number of observations have been made 
of the surface temperatures of walls and glass. It may be noted from 
Table 6 that the temperature of the inside surface of the exposed 
walls was always less than that of the air in the room at the same 
horizontal plane. This temperature was influenced by the temperature 
of the air in the room, the temperature of the air in the cold room, 
and the amount of air movement over the outside surface of the 
exposed wall. As shown by Table 6, with a room temperature of 
approximately 70 deg. F. at the breathing level and -2 deg. F. in the 
cold room, the temperature at 5 ft. above the floor of the inside surface 
of the north wall of the West Test Room, which was subjected to an 
air movement of approximately 10 miles per hour, ranged from 51 
to 53 deg. F. The corresponding temperature for the east wall, which 
was not subjected to any air movement beyond natural convection, 
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ranged from 55 to 58 deg. F. These temperatures were somewhat 
higher in the cases where the room temperature at the breathing level 
was above 70 deg. F., but apparently were not influenced by the type 
or location of the heating unit. 

Typical temperature gradients through the exposed walls are 
shown in Fig. 48. In this case, which was derived from Fig. 44 for 
which a special set of observations not given in Table 6 was used, 
the room temperature was above 70 deg. F. and the cold room tem- 
perature was above —2 deg. F’., hence the temperature of the inside 
surface of the east wall was 60.9 deg. F. and of the north wall was 
55.0 deg. F. This shows very clearly the effect of wind movement. 
With the same air temperatures at the breathing level in the test room 
and in the cold room in each case, the temperature of the inside sur- 
face of the north wall, which was exposed to an equivalent wind ve- 
locity of 10 miles per hour, was 5.9 deg. F. lower than that of the east 
wall which was exposed to no air movement. The relation of these 
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temperatures to the coefficients of heat transmission has been dis- 
cussed in Bulletin No. 192. 

The effect of both air movement and temperature of the outside 
air on the temperature of the inside surface of the exposed wall is 
shown in Fig. 44. These observations were made after the room had 
been subjected to the required conditions for a sufficient length of 
time to establish temperature equilibrium. From Fig. 44 it may be 
noted that with a constant temperature of 72.5 deg. F. at the breath- 
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ing level, when the temperature in the cold room, or outside tempera- 
ture, dropped from 45.0 deg. F. to -2.5 deg. F. the temperature of the 
inside surface of the east wall ranged from 67.0 to 60.0 deg. F., and 
of the north wall, from 65.0 to 54.0 deg. F. Thus a drop in outdoor 
temperature of 47.5 deg. F. resulted in a drop of 7.0 deg. F. in the 
temperature of the inside surface of the wall in the case of the east 
wall and of 11.0 deg. F. in the case of the north wall. The effect 
of a constant air movement of 10 miles per hour was to reduce the 
temperature of the inside surface over a range of from 2.0 to 6.0 deg. 
F., the greater reduction accompanying the lower outdoor tempera- 
ture. Hence, it is evident that both a drop in outdoor temperature and 
an increase in air movement cause a reduction in the temperature of 
the inside surface of the exposed walls, and the increase in air move- 
ment is more effective at the lower outdoor temperatures than at the 
higher. 

Inasmuch as it is customary to use the temperature at the breath- 
ing level as an index of the comfort of the occupants of a room, this 
reduction in the temperature of the inside surface of the wall with 
increasingly unfavorable outdoor conditions assumes an importance 
outside of the fact that the heat loss from the room also increases with 
these same unfavorable conditions. The occupant of a room is sub- 
jected to the radiant effect of the walls of the room. Any reduction in 
the surface temperature of the walls increases the heat loss from the 
body and may result in a feeling of chilliness, even though the tem- 
perature of the air in the room is 70 deg. F., or above. Thus if the 
occupants were just comfortable when the outdoor temperature was 
45.0 deg. F. and the temperature of the inside surface of the wall 
was 67.0 deg. F. they would not be as comfortable when the outdoor 
temperature dropped to —2.5 deg. F. and lowered the surface tempera- 
ture to 60.0 deg. F. They would probably be decidedly uncomfortable 
if an additional air movement now further reduced the inside surface 
temperature to 54.0 deg. F. as previously indicated. An additional 
difficulty also becomes evident, since for any given heating unit the 
temperature difference between the floor and the breathing level also 
increases with decreasing outdoor temperatures, and a reduction in 
the temperature of the air near the floor will inevitably accompany 
the reduction in wall surface temperature. Hence, the indication of 
an air temperature of 70.0 deg. F., or higher, at the breathing level 
may not be a true criterion of the comfort of the occupants, and as- 
sertions of discomfort may be entirely justified. This may naturally 
result in too much emphasis being directed toward condemnation of 
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the heating plant, rather than toward conditions external to the plant 
itself. 

Since, for a given outdoor temperature, the temperature of the 
inside surface of the wall is also dependent on the type of wall con- 
struction, the poorer types from the standpoint of heat transmission 
giving the lower inside surface temperatures, the conditions discussed 
serve to emphasize the necessity for adequate wall construction, par- 
ticularly in the colder climates and in those with prevailing high 
winds. Furthermore, the results indicate that extra heat insulation 
for walls may have a value in addition to whatever saving may be 
effected by reducing the heat transmission, in that the use of such 
insulation results in higher temperatures for the inside surfaces of the 
walls thus protected. The latter condition will be directly reflected in 
an increase in comfort with a given temperature at the breathing 
level. 

Certain practical use might be made of curves similar to those 
shown in Fig. 44, in that if they were established for different types 
of wall construction, evaluation of actual walls after construction 
could be accomplished by the measurement of surface temperatures 
and by comparing these measured values with those established for 
the standard walls. Certain precautions would be necessary, however. 
All measurements should be made at night, or on a very cloudy day, 
to insure that no sun effect is present. Also, unless constant indoor 
and outdoor conditions had existed for a period of 10 hours or more, 
reliance should not be placed on single observations, but a sufficient 
number should be made to establish average curves. 

The ratio of the surface coefficients of heat transmission, or the 
heat transmitted through the surface film per square foot per hour 
per degree difference in temperature between the air and the wall 
surface, is the inverse of the ratio of the temperature differences be- 
tween the surfaces and the air near the surfaces. The ratio of the 
outside surface coefficient to the inside surface coefficient usually 
assumed for calculation with a wind velocity of 18 miles per hour, 
is 3 to 1. Comparing the ratio of the temperature drop from surface 
to air for the two surfaces of the north wall in Fig. 44, which was 
exposed to an equivalent wind velocity of 10 miles per hour, it may 
be observed that a ratio of 1 to 3.2 was obtained, and that the ratio 
was constant over the whole range of temperature differences be- 
tween indoor and outdoor air. This compares favorably with the 
academic one of 3 to 1 previously mentioned. However, it should be 
emphasized that the tests in the low temperature testing plant, as 
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well as those from which the customary ratio of 3 to 1 was determined, 
were all run under conditions such that the surfaces were never sub- 
jected to the effect of sunshine. In actual walls this sunshine factor 
is nearly always present to a more or less extent and the ratios may 
be considerably modified. Complete data are not available at present, 
but it is evident that the sun effect must be taken into account in 
actual heat loss calculations. 

Comparing the temperature drops from surface to air for the east 
wall, which was not exposed to any air movement, a constant value of 
practically one to one is obtained for the ratio of the drop at the 
inside surface to that at the outside. This indicates that the out- 
side surface of the wall in this case was not subjected to air move- 
ment any greater than that arising from the natural convection cur- 


rents. 


40. Surface Temperatures of Glass—Typical surface temperatures 
for the surfaces of the glass in the windows of the test room, both 
with and without storm sash, are shown in Fig. 45. In this case the 
outside surface of the glass was subjected to a wind velocity of ap- 
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proximately 10 miles per hour. The drop in temperature through the 
pane of glass itself was of the order of one deg. F., and the resulting 
temperature for the inside surface of the glass was 17.6 deg. F. A 
study of Table 6 indicates that this temperature was not affected by 
the type or location of the heating unit, but was affected by the tem- 
perature of the air at the breathing level. Hence, all comparisons 
should be made with a temperature of approximately 70 deg. F. at 
the breathing level. 

Owing to structural features the temperature of the surfaces of 
the glass in the windows was measured at a level of 4 ft., or one 
foot below the breathing level. This, however, does not affect any 
general conclusions, and specific calculations involving temperature 
drops were based on the readings of thermocouples placed one inch 
from the glass surfaces and at the same level as the surface thermo- 
couples. 

The presence of these cold inside glass surfaces has somewhat 
the same effect on comfort as the presence of cold wall surfaces dis- 
cussed in Section 39. The radiation absorption coefficient for glass 
is much lower than that for paint, paper, or plaster, and the effect 
of the glass surface on comfort would be correspondingly less than 
that of the wall at the same temperature. The surface temperature 
of the glass, however, was only 17.6 deg. F. as compared to approxi- 
mately 52.0 deg. F. for the wall. In addition, part of the radiation 
from the body would pass directly through the glass to the cold objects 
outside of the window, and it is probable that the unprotected window 
is more detrimental to comfort than the same area of cold wall sur- 
face. 

Figure 45 shows that when storm sash was placed on the window, 
the temperature of the inside surface of the glass rose to 41.3 deg. F. 
Table 6 shows that this was also typical for all cases in which the 
temperature at the breathing level approximated 70.0 deg. F. The 
presence of the storm sash, by raising the inside surface temperature, 
would therefore reduce the radiation loss from the body to the surface, 
and by interposing the extra plate would also reduce the radiation 
passing directly through the glass to cold outside objects. Hence, an 
increase in the degree of comfort was noted when the storm sash was 
installed. 

In addition to radiant effects, it may be noted from Fig. 45 that 
when the storm sash was not present, the temperature of the air within 
one inch of the inside surface of the window was only 54.0 deg. F. 
as compared with 69.1 deg. F. at the breathing level at the center 
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of the room. In the case with the storm sash this layer of air was at 
a temperature of only 60.8 deg. F. As discussed in Chapter IX, this 
layer of cold air might not affect the occupant of the room when the 
heating unit was placed under the window. But when the heating 
unit was not located under the window the presence of the cold, down- 
ward moving layer made itself evident in the temperature of the air 
near the floor, and when the storm sash was installed an increase in 
temperature at the floor was noted. Hence the presence of storm sash 
had the effect of increasing the comfort of an occupant in the center 
of the room as well as in the immediate vicinity of the window. 

From Table 6 it may be observed that the presence of curtains 
and shades did not materially influence the temperature of the inside 
surface of the glass. When no curtains or shades were present this 
temperature was about 19.5 deg. F. and when the shades were tightly 
drawn it was about 12.4 deg. F. as compared with the 17.6 deg. F. 
shown in Fig. 45. However, the curtains and shades did have a shield- 
ing effect and prevented radiation from the body to the cold glass and 
cold outside objects, and a noticeable increase in comfort was experi- 
enced even though no material changes in room temperatures, as men- 
tioned in Section 34, did occur. 

Figure 46 shows typical temperatures for the glass in the door in 
the east wall of the West Test Room, both with and without a storm 
door. These temperatures exhibit the same characteristics as those 
for the window, and the same conclusions are applicable. The tem- 
perature drop through the glass was also approximately one deg. F., 
but in this case the door was not subjected to air movement over the 
outside surface and the temperature of the inside surface of the glass, 
when the door was unprotected with a storm door, was 32.9 deg. F. as 
compared with 17.6 deg. F. for the window, over which the air move- 
ment was approximately 10 miles per hour. The addition of the storm 
door increased this temperature from 32.9 to 52.1 deg. F. or to a value 
comparable with that obtained for the inside surface of the exposed 
wall. 

The ratio of the temperature drops from surface to air for the 
two surfaces of the glass in the case of the unprotected door, was 
1.05, or practically one to one. This indicates that the door was 

‘subjected to natural convection only both inside and outside. In the 
case of the window this ratio was 1.9, which is somewhat lower than 
the value of 3 to 1 customarily assumed. 

The use of a pane of plate glass, having a thickness of 0.507 in., 
resulted in a temperature of approximately 23.5 deg. F. for the in- 
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side surface when the storm sash was not present. In this case the 
temperature drop from surface to surface of the glass was of the 
order of 5.5 deg. F., instead of the one deg. F. obtained with the glass 
having a thickness of 0.0896 in. From tests Nos. R-4c and E-3e¢ in 
Table 6 the ratios of the temperature drops at the inside and outside 
surfaces were 1.73 and 1.82, respectively. This agrees closely with the 
1.9 cited for the window with the thinner glass. 

The explanation for this deviation from the ratio of 3 to 1 usually 
found for walls probably lies in the fact that the low temperature at 
the inside surface of the thin plates of glass results in greater natural 
convection currents than those occurring over the walls where the 
surface temperature is approximately 55.0 deg. F. Using the thick 
glass in tests Nos. R-4e and R-8c in Table 6, and a value of 5.00* 
for the coefficient of conductivity of glass, values of 1.48 and 1.55; 
respectively, are obtained for the inside surface coefficient, K,. Cor- 
responding values of 2.56 and 2.53, respectively, are found for the 


*Soda glass—International Critical Tables, Vol. 2, p. 315. 
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outside surface coefficients, K,. The values for K, are somewhat 
higher than the average 1.34 usually found for walls, indicating a 
greater amount of natural convection in the case of the window. The 
values for K, are somewhat less than the average 4.02 for walls. 
This may be due to the fact that the window was recessed and the 
frame protected it, so that, while the air movement over the wall was 
10 miles per hour, the actual movement over the window was less. 
Both of these effects would have a tendency to decrease the ratio. 

An illustration of the effect of convection currents over the inside 
surface of the glass may be observed in the case of test E-3c. Here 
the presence of a metal shield on the radiator under the window in- 
terfered with the convection, and the value of K, was 1.34 as com- 
pared with the values of 1.48 and 1.55 for tests Nos. R-4c and R-8c 
where there was no interference with the convection from the un- 
enclosed radiator. 


41. Surface Temperatures of Walls Back of Radiators——Every 
change made in the heating unit had an immediate effect on the tem- 
perature of the surface of the wall back of the unit. This, of course, 
had a corresponding effect on the heat loss from the room, and gen- 
erally was reflected to a certain extent in the economy, or steam con- 
densation of the radiator. This was not always true, however, because 
other factors affected the steam condensation more directly, and in 
some cases this was sufficient to submerge the effect of wall surface 
temperature. The same was true for the room temperature gradients, 
particularly since the wall surface temperature had a very small in- 
fluence on these gradients. Therefore, no direct conclusions could be 
drawn from a study of the steam condensation and room temperature 
gradient curves. Direct comparisons may be made, however, from 
Tables 6 and 7. 

From the results obtained in the West Test Room with the tubu- 
lar radiator, Table 6, it may be noted that with the unenclosed radia- 
tor located under the window, the temperature of the wall surface 
varied from 119.3 to 125.5 deg. F. Wrapping part of the radiator 
reduced this temperature to a range of from 112.8 to 115.8 deg. F. 
When the radiator was located at the back of the room, near a warm 
wall, the surface temperature was approximately 142 deg. F. The 
latter was characteristic of all heating units, in that higher wall sur- 
face temperatures were obtained with the unit located near the warm 
wall than with the same unit located under the window and near the 


exposed wall. 
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The use of the 12-in. cloth cover on the radiator located at the 
front wall, test No. E-20a, resulted in a wall surface temperature 
of 101.8 deg. F. The use of an enclosure with clearance between the 
radiator and the back gave temperatures of from 74.9 to 78.9 deg. F., 
as compared with the range of 119.3 to 125.5 deg. F. for the unenclosed 
radiator. 

The effect of painting the back of the metal shield may be observed 
by comparing tests Nos. E-8c and E-3c. The original shield with the 
back painted with bronze paint gave a wall surface temperature of 
57.0 deg. F. When the back of the shield was painted with a brown 
oil paint the wall surface temperature rose to 80.8 deg. F. In this case 
the rise was reflected also in the steam condensation, but was not re- 
flected in the room temperature gradient, as noted in Section 27. 

Similar effects are shown by the tests on the wall type of radi- 
ator in the East Test Room, Table 7. In this case the wall surface 
temperatures are not strictly comparable with those obtained in the 
West Test Room, because the thermocouple was located in the wall 
surface at a level just above the top of the radiator, while in the West 
Test Room it was located at the mean height of the radiator. The 
results, however, are comparable in themselves, and the following com- 
parisons are based on the reading of the center couple, as shown in 
Table 7. 

The temperature of the surface of the wall under the window and 
back of the unenclosed wall radiator was 106.8 deg. F. The use of 
a galvanized iron shield with no clearance between the back and the 
radiator reduced this temperature to 58.9 deg. F., test No. E-3a. In- 
troducing clearance between the back of the shield in test No. E-4a 
still further reduced this temperature to 54.5 deg. F., or a reduction 
of 4.4 deg. F. 

The use of a painted shield with no clearance in test No. E-8a 
resulted in a wall surface temperature of 85.7 deg. F., and introducing 
clearance for this shield, test No. E-9a, reduced the wall surface 
temperature to 75.9 deg. F., or a reduction of 9.8 deg. F. Hence the 
clearance was more effective on the painted shield. 

The effect of the paint may be noted by comparing test No. E-8a 
with test No. E-3a and test No. E-9a with test No. E-4a. The first 
group refers to the shields without clearance and the second one to 
the shield with clearance. The first mentioned test in each group 
refers to the painted shield. The wall surface temperatures were, 
respectively, 85.7, 58.9, 75.9, and 54.5 deg. F. Thus the use of the 
paint increased the wall surface temperature 26.8 deg. F. in the case 


ry Os 
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of the shield without clearance and 21.4 deg. F. in the case of the 


-shield with clearance. Hence the paint was more effective on the 


shield without clearance and the effect of paint alone was much 
greater than the effect of clearance alone. 

The effect of paint on an enclosure may be observed by comparing 
tests Nos. E-19a, E-4c, and E-5c, for which the wall surface tempera- 
tures were, respectively, 78.4, 78.0, and 66.7 deg. F. In the first case 
the enclosure was painted with black oil paint, in the second with 
white, and in the third with aluminum bronze. Here it may be noted 
that the color of the oil paint made no difference, and that the use 
of the aluminum bronze reduced the wall surface temperature 11.7 
deg. F. A similar effect may be observed by comparing test No. 
E-21a with E-16a, for which the wall surface temperatures were 75.7 
and 60.5 deg. F. In this case, the use of a galvanized instead of a 
painted back reduced the wall surface temperature 15.2 deg. F., thus 
indicating that the galvanizing was somewhat more effective than the 
aluminum bronze in reducing radiation to the wall. 


XII. Arr CircuLatTion 


42. Unenclosed Tubular Type of Radiator—A chart typical of the 
air circulation within the room heated by the unenclosed tubular 
radiator located near the unexposed wall is shown in Fig. 48. For 
the purpose of comparison a similar chart for the same radiator 
located under the window in the exposed wall has been reproduced in 
Fig. 47 from Bulletin No. 192. The relative air movement over a 
vertical transverse section of the room taken at the radiator is repre- 
sented by the relative spacing and number of arrows in a unit area 
of the diagram. The areas containing the greatest number of arrows 
spaced very closely are representative of the zones in which the air 
movement was most rapid. 

In both cases the warm air rose from the radiator in a compara- 
tively thin vertical sheet, extending about one foot beyond each end of 
the radiator. This upward moving stream rose to the ceiling and then 
passed across the latter in a thin sheet extending to a depth of about 
6 in. The direction of motion in both cases was away from the radia- 
tor and toward the opposite wall. 

In the case of the radiator located under the window, Fig. 47, 
the layer of cold air moving downward over the window was picked 
up and warmed by the sheet of warm air moving upward from the 
radiator. This cold air was therefore prevented from reaching the 
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floor. Most of the air returned to the radiator at levels above the 
breathing level, however, as shown in Fig. 47, leaving a pool of more 
or less stagnant cool air in the lower part of the room. This air had 
a slight drift toward the radiator. The result was that the living zone 
was too cool for comfort as indicated by the temperatures shown. 

In the case of the radiator located at the back wall, shown in Fig. 
48, the warm air moving across the ceiling passed downward over 
the windows where it was joined by the cold air from the windows 
and returned across the floor to the radiator. This resulted in greater 
air movement at the floor than was shown for the radiator located 
under the windows, but the temperature of the air in the whole living 
zone, and particularly near the floor, was lower, and hence the room 
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was even more uncomfortable than in the case of the front wall loca- 
tion. 


43. Unenclosed Wall Type of Radiator—The chart for the wall 
radiator located at the front wall is shown in Fig. 49. This exhibits 
about the same characteristics as the ones shown for the tubular radia- 
tor, except that the air at the ceiling was cooler and the motion not 
as great. The layer at the ceiling was thicker and there was much 
greater and more uniform circulation in the lower part of the room 
and toward the radiator than in the case of the tubular radiator. The 
resulting temperatures in the living zone were higher and the room was 


much more comfortable. 
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In the case of the wall type of radiator located near the ceiling, 
as shown by Fig. 50, most of the air movement was confined to a very 
thin sheet of hot air at the ceiling. The circulation in the balance of 
the room was erratic and the cold air from the windows reached the 
floor. Hence the floor was very cold, the air near the ceiling was hot, 
and the room was underheated and decidedly uncomfortable. 


44, Enclosed Tubular Type of Radiator—The chart for the air 
circulation with the enclosure shown in Fig. 9 has been reproduced 
from Bulletin No. 192, and shown in Fig. 51. The enclosure was 
located under the window. It may be noted that the movement of air 
in the room was more general than in the case of the unenclosed radia- 
tor similarly located. The upward movement of air from the enclosure 
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extended farther out into the room than in the case of the unenclosed 
radiator, and more movement occurred in the lower part of the room. 
Hence the temperatures in the living zone were higher and the room 
was somewhat more satisfactorily heated. 

When the enclosure was located at the back wall the circulation 
characteristics were very similar to the one shown for the unenclosed 
radiator in Fig. 48. The upward moving sheet of air above the en- 
closure, however, extended further out into the room and conditions 
in the lower part of the room were somewhat better than for the un- 
enclosed radiator. Some cold air from the windows reached the floor 
and it was somewhat cooler than it was when the enclosure was located 


under the window. 
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XIII. Conctusions 


45. Conclusions—From the results of this investigation the fol- 
lowing conclusions may be drawn: 

(1) The steam condensation of a direct cast-iron radiator, ex- 
pressed in pounds of condensate, is not an adequate measure of the 
performance of the radiator. The heating effect produced on the air 
in the room must be taken into consideration in making compari- 
sons between different types of radiators. 

(2) Long, low, thin cast-iron radiators placed under windows heat 


a room more comfortably and more economically than higher column 
or tubular radiators similarly placed. 


MAY Wie. 
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(3) Long, low, thin cast-iron radiators maintain materially better 
floor to ceiling temperature differentials than high column or tubular 
radiators. 

(4) The larger portion of the temperature differential in a room 
heated with direct steam cast-iron radiators of the column and tubu- 
lar types occurs between the floor and the breathing level. 

(5) The temperature used as an indication of whether a room is 
properly heated or not should be observed at some level nearer the 
floor than the breathing level. The 30-in. level is tentatively sug- 
gested as more representative of conditions in the zone of human 
occupancy. 

(6) The use of a properly designed enclosure or shield on a tubular 
or column type of radiator results in a gain in steam economy, and 
equally or more satisfactory air temperature conditions in the room 
as compared with those obtained by the use of the same radiator 
unenclosed. 

(7) The use of an improperly designed enclosure on a tubular or 
column type of radiator results in a reduction in steam condensation 
and in unsatisfactory air temperature conditions in the room as com- 
pared with those obtained by the use of the same radiator unenclosed. 

(8) The condition mentioned in conclusion (7) may be partly 
corrected by sufficiently increasing the size of the enclosure and radia- 
tor. It is possible to obtain practically as satisfactory room tempera- 
ture conditions as those obtained with the smaller unenclosed radiator, 
and slightly greater steam economy. 

(9) A properly designed enclosure or shield should offer a mini- 
mum of resistance to the flow of air over the radiator under gravity 
head, and should protect the wall back of the radiator against the 
effect of direct radiation from the radiator. It should have the top 
of the opening in the face of the enclosure as high as possible, and 
permit free access of air over the lower half of the radiator, especially 
near the floor. 

(10) No material gain in economy or room temperature conditions 
may be realized from the use of an enclosure or shield on a wall type 
of radiator. 

(11) Increasing the size of an enclosed or an unenclosed radiator 
results in a uniform increase in the room temperature at all levels in 
the room, and an increase in the steam condensation. The steam con- 
densation, however, increases at a greater rate than the increase in 
indoor-outdoor temperature difference, and it is not safe to predict 
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the steam condensation for one size of radiator from the room tem- 
perature gradient curves and steam condensation for another size. 

(12) Both steam condensation and room air temperature condi- 
tions are affected by the location of the heating unit. In general the 
location under a window in the exposed wall is to be preferred to a 
location near an unexposed or warm wall. 

(13) The location near the ceiling is a most unfavorable location 
for a radiator and is not to be recommended. 

(14) Painting a radiator or enclosure with an oil paint, irrespective 
of the color of the paint, has no material effect on the heat trans- 
mission as compared with that for foundry finish or oxidized iron. 

(15) Galvanizing or painting with metallic bronze paint reduces 
the heat transmission from an enclosed or unenclosed radiator below 
that obtained with oil paint. The reduction is approximately 9.0 per 
cent in the case of unenclosed tubular or column radiators. 

(16) The use of an enclosure having clearance between the radia- 
tor and the back of the enclosure reduces the temperature of the wall 
surface back of the radiator approximately 45 deg. F. below that ob- 
tained with an unenclosed radiator. 

(17) The use of an enclosure with a galvanized back, or one 
painted with metallic bronze paint, reduces the temperature of the 
wall surface back of the enclosure from 10 to 25 deg. F. below that 
obtained with an enclosure with the back painted with oil paint. In 
this respect galvanizing is slightly more effective than gold or alumi- 
num bronze. 

(18) The use of storm sash alone does not materially affect the 
room air temperature conditions, but did effect a gain in steam 
economy of approximately 11 per cent in the particular room tested. 

(19) The use of a storm door alone improves room air temperature 
conditions, and in the particular room tested effected a gain in steam 
economy of approximately 21 per cent. 

(20) The use of both storm door and storm sash improves room 
air temperature conditions and in the particular room tested effected a 
gain in steam economy of 31.7 per cent. The actual saving in gen- 
eral will be dependent on the ratio of window and door area to ex- 
posed wall area, and on the air-tightness of the storm door and sash. 

(21) Variations in basement and attic temperatures do not have 
a material effect on room air temperature conditions. 

(22) Variations in the amount and arrangement of the exposed 
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walls may have a very material influence on both room air tempera- 
ture conditions and steam economy. 

(23) The degree of comfort experienced by the occupants of a 
room is greatly influenced by the temperature of the inner surface of 
the walls as well as by the temperature of the air in the room. 

(24) The temperature of the inside surface of exposed standard 
frame walls varies from 67 to 59 deg. F. for walls not exposed to air 
movement, and from 65 to 53 deg. F. for walls exposed to an air move- 
ment of approximately 10 miles per hour as the outdoor temperature 
ranges from 40 to -10 deg. F. and the indoor temperature remains 
constant at 72.5 deg. F. 

(25) The temperature of the inside surface of single pane glass 
without storm sash, and with an outdoor temperature of —2.0 deg. F., 
is approximately 33 deg. F. when not exposed to air movement and 
17.5 deg. F. when exposed to air movement of approximately 10 miles 
per hour. 

(26) The temperature of the inside surface of the inside glass 
pane when storm sash is used and with an outdoor temperature of 
2.0 deg. F., is approximately 52 deg. F. when not exposed to air 
movement and 41 deg. F. when exposed to air movement of approxi- 
mately 10 miles per hour. 

(27) The use of curtains and shades does not materially affect 
the room air temperature conditions and steam economy, but does 
serve to increase the degree of comfort of the occupants by shielding 
them from radiation to the cold glass surfaces. 
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RECENT PUBLICATIONS OF 
THE ENGINEERING EXPERIMENT STATIONt 


Bulletin No. 177. Embrittlement of Boiler Plate, by Samuel W. Parr and Fred- 
erick G. Straub. 1928. None available. 

Bulletin No. 178. Tests on the Hydraulics and Pneumatics of House Plumbing. 
Part II, by Harold E. Babbitt. 1928. Thirty-five cents. 

Bulletin No. 179. An Investigation of Checkerbrick for Carbureters of Water-gas 
cee es by C. W. Parmelee, A. E. R. Westman, and W. H. Pfeiffer. 1928. Fifty 
cents. 
fi ial No. 180. The Classification of Coal, by Samuel W. Parr. 1928. Thirty- 

ve cents. 

Bulletin No. 181. The Thermal Expansion of Fireclay Bricks, by Albert E. R. 
Westman. 1928. Twenty cents. 

Bulletin No. 182. Flow of Brine in Pipes, by Richard E. Gould and Marion I. 
Levy. 1928. Fifteen cents. 

Circular No. 17. A Laboratory Furnace for Testing Resistance of Firebrick to 
Slag Erosion, by Ralph K. Hursh and Chester E. Grigsby. 1928. Fifteen cents. 

Bulletin No. 183. Tests of the Fatigue Strength of Steam Turbine Blade Shapes, 
by Herbert F. Moore, Stuart W. Lyon, and Norville J. Alleman. 1928. Twenty-five 
cents. 

Bulletin No. 184. The Measurement of Air Quantities and Energy Losses in 
Mine Entries. Part III, by Alfred C. Callen and Cloyde M. Smith. 1928. Thirty-five 
cents. 

Bulletin No. 185. A Study of the Failure of Concrete Under Combined Com- 
pressive Stresses, by Frank E. Richart, Anton Brandtzaeg, and Rex L. Brown. 1928. 
Fifty-five cents. 

*Bulletin No. 186. Heat Transfer in Ammonia Condensers. Part II, by Alonzo 
P. Kratz, Horace J. Macintire, and Richard E. Gould. 1928. Twenty cents. 

*Bulletin No. 187. The Surface Tension of Molten Metals. Part II, by Earl E. 
Libman. 1928. Fifteen cents. 

*Bulletin No. 188. Investigation of Warm-air Furnaces and Heating Systems. 
Part III, by Arthur C. Willard, Alonzo P. Kratz, and Vincent 8. Day. 1928. Forty- 
five cents. 

Bulletin No. 189. Investigation of Warm-air Furnaces and Heating Systems. 
Part IV, by Arthur C. Willard, Alonzo P. Kratz, and Vincent 8S. Day. 1929. Siaty 
cents. 

*Bulletin No. 190. The Failure of Plain and Spirally Reinforced Concrete in 
Compression, by Frank E. Richart, Anton Brandtzaeg, and Rex L. Brown. 1929. 
Forty cents. 

Bulletin No. 191. Rolling Tests of Plates, by Wilbur M. Wilson. 1929. Thirty 
cents. 

Bulletin No. 192. Investigation of Heating Rooms with Direct Steam Radiators 
Equipped with Enclosures and Shields, by Arthur C. Willard, Alonzo P. Kratz, 
Maurice K. Fahnestock, and Seichi Konzo. 1929. Forty cents. 

Bulletin No. 193. An X-Ray Study of Firebrick, by Albert E. R. Westman. 
1929. Fifteen cents. Len 

*Bulletin No. 194. Tuning of Oscillating Circuits by Plate Current Variations, 
by J. Tykocinski-Tykociner and Ralph W. Armstrong. 1929. Twenty-five cents. __ 

Bulletin No. 195. The Plaster-Model Method of Determining Stresses Applied 
to Curved Beams, by Fred B. Seely and Richard V. James, 1929. Twenty cents. 

*Bulletin No. 196. An Investigation of the Friability of Different Coals, by Cloyde 
M. Smith. 1929. Thirty cents. A 

*Qircular No. 18. The Construction, Rehabilitation, and Maintenance of Gravel 
Roads Suitable for Moderate Traffic, by Carroll C. Wiley. 1929. Thirty cents. 

*Bulletin No, 197. A Study of Fatigue Cracks in Car Axles. Part II, by Herbert 
¥. Moore, Stuart W. Lyon, and Norville J. Alleman. 1929. Twenty cents. 

*A limited number of copies of the bulletins starred are available for free distribution. 


+Copies of the complete list of publications can be obtained without charge by addressing the 
Wngineering Experiment Station, Urbana, Il. 
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*Bulletin No. 198. Results of Tests on Sewage Treatment, by Harold E. Babbitt 
and Harry E. Schlenz. 1929. Fifty-five cents. r f 

*Bulletin No. 199. The Measurement of Air Quantities and Energy Losses in 
Mine Entries. Part IV, by Cloyde M. Smith. 1929. Thirty cents. : 

*Bulletin No. 200. Investigation of Endurance of Bond Strength of Various Clays 
in Molding Sand, by Carl H. Casberg and William H. Spencer. 1929. #ifteen cents. 

*Circular No. 19. Equipment for Gas-Liquid Reactions, by Donald B. Keyes. 
1929. Ten cents. 

Bulletin No. 201. Acid Resisting Cover Enamels for Sheet Iron, by Andrew I. 
Andrews. 1929. Twenty-five cents. , 

Bulletin No. 202. Laboratory Tests of Reinforced Concrete Arch Ribs, by 
Wilbur M. Wilson. 1929. Fifty-five cents. : 

*Bulletin No. 203. Dependability of the Theory of Concrete Arches, by Hardy 
Cross. 1929. Twenty cents. 

*Bulletin No. 204. The Hydroxylation of Double Bonds, by Sherlock Swann, Jr. 
1930. Ten cents. ; 

Bulletin No. 205. A Study of the Ikeda (Electrical Resistance) Short-Time Test 
for Fatigue Strength of Metals, by Herbert F. Moore and Seichi Konzo. 1930. 
Twenty cents. 

Bulletin No. 206. Studies in the Electrodeposition of Metals, by Donald B. 
Keyes and Sherlock Swann, Jr. 1930. Ten cents. 

*Bulletin No. 207. The Flow of Air Through Circular Orifices with Rounded 
Approach, by Joseph A. Polson, Joseph G. Lowther, and Benjamin J. Wilson. 1930. 
Thirty cents. 

*Circular No. 20. An Electrical Method for the Determination of the Dew-Point 
of Flue Gases, by Henry Fraser Johnstone. 1929. Fifteen cents. 

Bulletin No. 208. A Study of Slip Lines, Strain Lines, and Cracks in Metals 
Under Repeated Stress, by Herbert F. Moore and Tibor Ver. 1930. Thirty-five cents. 

Bulletin No. 209. Heat Transfer in Ammonia Condensers. Part III, by Alonzo 
P. Kratz, Horace J. Macintire, and Richard E. Gould. 1930. Thirty-five cents. 

Bulletin No. 210. Tension Tests of Rivets, by Wilbur M. Wilson and William A. 
Oliver. 1930. Twenty-five cents. 

Bulletin No. 211. The Torsional Effect of Transverse Bending Loads on Channel 
Beams, by Fred B. Seely, William J. Putnam, and William L. Schwalbe. 1930. 
Thirty-five cents. 

Bulletin No. 212. Stresses Due to the Pressure of One Elastic Solid Upon 
Another, by Howard R. Thomas and Victor A. Hoersch. 1930. Thirty cents. 

Bulletin No. 213. Combustion Tests With Illinois Coals, by Alonzo P. Kratz 
and Wilbur J. Woodruff. 1930. Thirty cents. 

*Bulletin No. 214. The Effect of Furnace Gases on the Quality of Enamels for 
Sheet Steel, by Andrew I. Andrews and Emanuel A. Hertzell. 1930. T'wenty cents. 

*Bulletin No. 215. The Column Analogy, by Hardy Cross. 1930. Forty cents. 

Bulletin No. 216. Embrittlement in Boilers, by Frederick G. Straub. 1930. 
Sixty-five cents. 

Bulletin No. 217. Washability Tests of Illinois Coals, by Alfred C. Callen and 
David R. Mitchell. 1930. Sixty cents. 

Bulletin No. 218. The Friability of Illinois Coals, by Cloyde M. Smith. 1930. 
Fifteen cents. 

*Bulletin No. 219. Treatment of Water for Ice Manufacture, by Dana Burks, Jr. 
1930. Sixty cents. 

*Bulletin No. 220. Tests of a Mikado-Type Locomotive Equipped With Nichol- 
son Thermic Syphons, by Edward C. Schmidt, Everett G. Young, and Herman J. 
Schrader. 1930. Fifty-five cents. 

Bulletin No. 221. An Investigation of Core Oils, by Carl H. Casberg and Carl E. 
Schubert. 1930. Fifteen cents. 

Bulletin No. 222. Flow of Liquids in Pipes of Circular and Annular Cross- 
Sections, by Alonzo P. Kratz, Horace J. Macintire, and Richard E. Gould. 1930. 
Fifteen cents. ' 

Bulletin No. 223. Investigation of Various Factors Affecting the Heating of 
Rooms with Direct Steam Radiators, by Arthur C. Willard, Alonzo P. Kratz, Maurice 
K. Fahnestock, and Seichi Konzo. 1930. Fifty-five cents. 


*A limited number of copies of the bulletins starred are available for free distribution. 


